. ¢, 
> 


ry 
+f 
' 


A MeGrauj:Hi Pixbtication’? 


74“ Cents 


eR * JULY: 1961 


INSTRUMENTATION AND ole) Re -lelm SYSTEMS 
Xe Ss 
: ETE Ww 


os r 




















WHY MORE ENGINEERS ARE SPECIFYING LIBRASCOPE ENCODERS 


New design features in Librascope encoders have sharply reduced noise and eliminated ambiguity, while adding 
many hours of usable life. Among other features: faster operating and slewing speeds, accuracy you can depend 
on. And Librascope encoders have proved reliable in more than 15,000 military and commercial installations. 
Librascope now builds 132 encoder models with a variety of capacities, output codes and case sizes. It’s probable 
that one of these encoders will satisfy your shaft position-to-digital conversion requirements. For the details, tell 
Librascope’s engineers your applications and requirements. They’ll promptly recommend the best encoder for 
the job. Just write to Applications Engineering, Librascope, Glendale 1, California. In a hurry? TWX us collect 


at BRB 9884. — 
&®> CENERAL 
[PARTE CISION! 


LIS RASCOPE DIVISION GENERAL PRECISION INC. GLENDALE 1, CALIFORNIA 
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Which AC / DC digital voltmeter should you buy? 


... seven questions to help you decide 


1. Is it reliable, dependable? 


A rather general question, and one you often get rather 
general answers to. But with such an important consid- 
eration, you should get answers like these: 


The stepping switches in the KIN TEL 502B AC/DC digital 
voltmeter are guaranteed for two years. KIN TELcan make 
this guarantee because it operates stepping switches 
conservatively, driving them with DC (as in telephone 
service) at a rate somewhat below their peak speed. This 
gentler drive gives the 502B a longer life, makes it cap- 
able of more sensitive measurements, eliminates the need 
for stepping switch adjustments or other maintenance, 
and greatly reduces down time. 


When servicing is ultimately needed, KIN TEL-trained 
personnel in 22 different maintenance shops throughout 
the country are prepared to put your 502B in factory 
condition with minimum delay. 

Each 502B is manufactured on a true production-line 
basis. KIN TEL has used this method in building over 10,000 
“standard-cell-accuracy” instruments, instruments 
known for their consistent, trouble-free performance 


2. Does it have automatic range selection for ac and Dc? 


Auto-ranging is a convenience. It makes your job a little 
easier, a little surer. It permits unattended operation 
with a printer to record voltages on the range giving the 
best resolution. 


The KIN TEL 502B has it. 


3. Does it have a single-plane readout? 


A single-plane readout reduces reading errors. Each 
number is displayed individually. There are no super- 
imposed outlines of ‘‘off” digits. You can read the num- 
bers as easily from the side as from the front. 


The KIN TEL 502B has a single plane readout. 


4. Can you program it? 


A programable instrument is a more useful instrument. 


It can be used with a printer for unattended checkout 


of missile components, quality control of specific items, 


and other automated measurements. 


5725 Kearny Villa Road, San Diego 11, California » BRowning 7-6700 wy 
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You can program the 502B. It’s the only standard off-the- 
shelf digital voltmeter controllable by remote contact 
closures. With the AC converter control set to REMOTE, 
closures command any desired sequence of measurements 
at 10-volt AC, 100-volt AC, 1000-volt AC, auto-range 
AC, or auto-range DC. 


5. Will it over-range on both ac and oc? 


A loaded question, perhaps, since the KIN TEL 502B is 
the only digital voltmeter on the market with AC and 
DC over-ranging. But this is an important feature, not 
just an extra one. 

The 502B displays 4 complete digits plus a 5th over- 
ranging digit (0 or 1). This 5th digit gives ten times 
more resolution at the often-measured decade points 
(1,10,100 volts) than 4-digit voltmeters that lose a digit 
changing from .9999 to 1.000. This means you get the 
useful accuracy of a 5-digit voltmeter over a large part 
of the measurement range while retaining the stability, 
reliability, and price advantage of a 4-digit instrument. 


6. Does it offer the highest accuracy? 


Of course, none of the features listed so far are worth a 
dime if you can’t depend on what the instrument tells you. 
So let’s be specific: 

With the 502B, DC measurements are accurate to within 
.01% of reading + one digit. AC accuracy is the highest 
in the industry — within 0.1% of reading or 3 digits 
(0.03% of full scale) for signals between 30 cps and 10 ke 
up to 10.000, 100.00, or 1000.0 volts on the respective 
range scales. With manual or programed ranging, this 
same accuracy is maintained up to 15.000 or 150.00 volts 
for signals between 50 cps and 7 ke. 

This accuracy is maintained by a constant and automatic 
calibration of the metering circuit against an unsatur- 
ated mercury-cadmium standard cell. 

7. Is it worth what it costs? 

The KIN TEL 502B costs $4245, and is delivered from stock. 
Compare it — what it does and what it costs — with any 
other AC/DC digital voltmeter. We think that when you 
do, the 502B will rate the same answer on this question 
that it has on the other 6: yes. 


Write direct for complete detai/s 
on this exceptional! vo/tmeter. 
Representatives in al/ major cities. 
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Epsco’s new Portable Data Gathering System — with 
up to 100 input channels — weighs but a scant 130 
pounds. Records analog test data in exact digital 
computer format with 0.1% accuracy. Accepts a wide 
variety of physical data, including stress, flow, tem- 
perature and velocity. Environmentally packaged for 
on-site use in such areas as missile testing, industiial 
process control and automotive testing. Utilizes time- 
proven Epsco components throughout for highest 
reliability. Its low price will amaze you. Call or write 
Epsco Systems for Brochure S-3100. 


KEY FEATURES 
@ Compact: less than 2 cubic feet @ 8 to 100 Input Channels in 
modular groups of 4. Range of +20 mv to +10 v. full scale and up 
@ Sampling Rates Available: 242 to 3500 samples per second 
@ Accuracy: +0.1% RMS error @ Floating Differential Inputs with 
guard ring circuitry included. Also handles direct digital coded inputs 


FIRST TRULY 
PORTABLE 


DATA-GATHERING SYSTEM 


UP TO 100 INPUTS 








Now ... in two carrying cases, all the capabilities of a multi-rack installation! 
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Published for engineers and technical management men who are responsible for 
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A Guide to Controlling Cascaded Chemical Reactors 


O. A. SOLHEIM of Chr. Michelsens Institutt, Norway, investigates cascaded stirred-tank 
reactors and then examines three alternate schemes for controlling product concentration 


A Proportional Transistor Switch 


A. N. DeSAUTELS of Maico Electronics modifies a transistorized Schmitt trigger cir 
cuit to have it deliver a pulsed de output proportional to input signal amplitude 


A Lighthearted Lexicon of Computing Control 
T. M. STOUT of TRW Computers employs verse to define computing control termino! 


ogy, lending some enjoyable enlightenment to a timely, complicated technical subject. 


Improving Thickness Control in Hot Strip Mills 


R. G. BEADLE and W. E. MILLER of General Electric indicate a fast payoff in the use 
of automatic thickness control in hot strip mills by analyzing accumulated test data 


Reflecting Line Changes Ratios to Decibels 
R. D. GUSTAFSON of MIT devises a simple method for plotting Bode diagrams on 
ordinary graph paper that permits a prior visualization of the over-all diagram. 


Pneumatic Logic—I: Hardware and Basic Functions 


E. L. HOLBROOK of Barker Instruments and Machine starts a series on pneumatic logic, 
assembling eight valves into 21 AND, OR, NOT, TIMING, and MEMORY circuits. 


Hot Gas Control Systems—III: Using Reaction to Control 
Vehicle Attitude 


K. A. TRAYNELIS and D. L. RYAN of Walter Kidde describe how reactive control 
works, how to choose propellants and control methods, and how three systems perform. 


INFORMATION SYSTEMS 


Information System Controls Plant Over 500-Mile Data Link 


R. H. BAYER of Electric Autolite runs a factory in Alabama from an Ohio computer 
that does production scheduling, inventory control, materials planning, and payroll. 


The Iterative Analog—Low-Cost Speed for Information Processing 


R. K. STERN of Computer Systems gives a glimpse of the iterative analog computer, 
suited to high speed computation, that fills the gap between analog and digital computers 


Continued on next page e 





IDEAS AT WORK 
Pegboard Runs Decorative Lighting at Time & Life 


P. POLIZZANO of Klieg] Bros. designs lighting programmer for day and night scencs. 


Punch Cards Record, Read Out Presets Automatically 
R. G. WILLIAMS of Century Lighting controls lighting from infinite preset scenes. 


Printed Pots Store Dimmer Settings 


Another Century infinite preset lighting system uses printed circuit potentiometer cards. 





WHAT’S NEW IN THE CONTROL FIELD 

Newsbreaks 

Satellite computers at Chocolate Bayou; more on automatic drafting; refuse Red sales. 
Moving Ball Computes With Air 

New elements for pneumatic computer can be miniaturized with 2,000 units per cu in. 
CIA’s Film Memory 

A new information retrieval system stores 990,000 tiny pages in Kalfax memory unit. 
Flying Wind Tunnel 

Instrumented blimp makes first free air tests in study of critical transition point. 
Strategy for Bigger Computer Memories 


A symposium hears new techniques and new materials to make computer memories bigger. 


Around the Business Loop 


Common market booms; census of nuclear gear markets; personnel changes at IBM. 





Control Personality—E. CALVIN JOHNSON 

Industrious contro] engineer probes the future of computer applications in the plant. 
Industry's Pulse—The Marketing Compacts 

Computer makers and instrument companics combine forces to sell computer control. 
Editorial—Back Alley Ingenuity 

Small industries must rely on their own ingenuity in their move to automatic processes. 
New Product Developments 


Valve actuator for electronic process control systems uses a magnetic particle clutch. 


Abstracts of Technical Papers 


Two-year study leads to recommendations for performance specification standardization. 


10 Shoptalk 148 Bulletins & Catalogs 157 Meetings Ahead 


14 Feedback 156 New Books 159 Reprints 
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COMPUTER MEASUREMENTS COMPANY 
MODEL 737a FREQUENCY METER 


@ # 








a 


Model 737A shown with Model 732A Converter Plug-in 


———> Measure frequency dc to 220 mc 
———» Measure period to 0.1 microsecond 


———> Measure time interval 0.1 microsecond to 10’seconds 
———» Compatible with hp plug-ins 


CMC, first with solid state reliability, |. 10 me.to 100 me frequency converter; 2. 100 me to 
announces the transistorized Model 737A —22°. ms frequency converter; 3. Solid state 0.1 micro 


fi second to 107 second time interval section (Accepts hp 
frequency-period meter. plug-ins: Models 525A, 525B, 526A.) 

; } Converter plug-ins $250 each. Time interval plug-in $300 

Here, combined in one compact package weigh- 

ing a scant 48 pounds, are the functions of a high 

2 . ) > 7 > > . > > . > : - > - 3 . 

> at pe anid et ey pony ee gon meter. adjustment. *® Automatic decimal point * Nixie read 

Sensi ly pricec at $2150, the Model “ A mates out available as standard option. ¥% Stability, 2 parts in 

an all solid state counter with a plug-in vacuum 107 standard, 5 parts in 108 special. * Accura ] 

tube heterody ne converter. count oscillator stability. * Sensitivity, 0.25 v rms 


” a —— . - * Standardize against WWV. *® Remote programming 
Only 14” high, 17” wide, and 13” deep, CMC’s new without special regard to cable length, type of cable, or 


Model 737A requires a mere 125 watts of power impedance matching. * Printer output to drive digital 
which in itself reduces operating temperatures and recording equipment, punches, inline readout and other 
contributes to long trouble-free life. And except data handling gear, $60 extra 

for the vacuum tubes, the new unit is uncondition- 
ally guaranteed for two years. 


FEATURES AND ADVANTAGES X Decade count 
down time base, frequency divider circuits never need 


SEE US AT WESCON BOOTH 1524-1525 


| eat i | 


mn we] 


oO =| Niel alalal~jo)o 





Computer 
Measurements Co. 


A Division of Pacific industries 
12970 Bradley Avenue, Sylmar, California 
Phone: EMpire 7-2161 


NEW Write for your free copy of the new 1961 CMC 

Full-Line Catalog. Twenty pages describing 

20-PAGE solid state and vacuum tube counters, fre 

FULL-LINE quency and time interval meters, preset count 
CATALOG ers, printers, and decade counting units. 
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How round wire helps make 


GOOD POTENTIOMETERS 
BETTER! 


The rounder the wire the easier it is 
to obtain greater uniformity of spacing 
in winding potentiometer mandrels . 


and the more uniformly wound the 
mandrel the easier it is to achieve 


closer independent linearity and 
lower equivalent noise resistance 
in your finished potentiometers. 


Le 
£ iy 


This enlarged photograph shows WD 
typical uniformity of winding 
that is readily obtainable with 


MALLE 


HOSKINS 


Chromel-R 


Premium Potentiometer Grade Wire 


@ A new nickel-chromium alloy that is quality- 
controlled from melt to spool to assure superior 
roundness and surface finish —closer linearity of 
resistance, within .012% maximum total deviation 
in every 250 feet of wire—plus lower electrical noise 
level, unconditionally guaranteed to be less than 
40 ohms of ENR when received at your plant. 


Sample spools with supporting technical data are 
now available to potentiometer manufacturers for 
immediate testing and evaluation. Your request on 
company letterhead will receive prompt attention. 


HOSKINS 
MANUFACTURING COMPANY 
4445 Lawton Avenue - Detroit 8, Michigan 
In Canada: Hoskins Alloys of Canada, Ltd., Toronto, Ontario 
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Have you analyzed your weighing operations lately? Weighing of raw materials, goods in process and finished 
products is big business. And while you've probably automated other areas, you may not realize what Fairbanks-Morse 
Electronics Weighing can do for you. @ Chances are your present weighing operation lends itself to the speed and 
efficiency of an F-M Electronic System. You will realize impressive savings in time, labor and material...money savings 
that can add substantially to your profits! @ Fairbanks, Morse knows the weighing business—we've been in it for 131 
years! We've pioneered precision weighing instruments of all types, and we are the leaders in the ever-expanding field 
of electronic weighing. To meet the need for fast, modern weighing of any liquid or solid, Fairbanks, Morse offers a 
wide range of standard electronic weighing systems plus custom-designed installations. @ The F-M Batchetron, for 
example, electronically weighs and batches a number of liquids or solids—in sequence or simultaneously—by means of 
manual or punched card control. Other F-M Electronic systems quickly weigh trucks and railroad cars. In each of these 
cases you can readily see the obvious savings in time... andin money. @ If weighing plays an important part in your 
operation, you will profit from more information about F-M electronic 

weighing systems. Please write: Electronics Division; Fairbanks, ELECTRONICS DIVISION 


Morse & Co.; 100 Electra Lane; East Station, Yonkers, New York. aA\] RBAN KS MORSIE 


A MAJOR INDUSTRIAL COMPONENT OF 
eeepc 


FAIRBANKS WHITNEY 





A MESSAGE T0 
MANAGEMENT 





taking the guesswork out of decision-making. . 


e Anexciting new profit-making application for the General Electric GE 225 
Information Processing Computer 


e From project personnel via arrow diagram and General Electric GE 225 to 


minimum time-cost schedules 


we 


@ One more reason why you should investigate the possibilities of the 
versatile GE 225 








ENGINEERING R & D »« HIGHWAY CONSTRUCTION + BANK AUTOMATION + SLUM CLEARANCE + PLANT SHUT-DOWN -~ 


CONVERSION TO COMPUTER + NUCLEAR POWER PROJECTS + MISSILE PRODUCTION + REFINERY MAINTENANCE 





PRECISE PROJECT PLANNING 


s WITH THE 


@ To drastically reduce the need for managerial guesswork and to 
deliver precise data required for timely decision-making, General 
Electric now offers Critical Path Method (CPM) processing capa- 
bility on the GE 225 computer. 

@ A new, advanced technique for project planning, scheduling and 
control, CPM can pinpoint your critical jobs to prevent bottlenecks 
before they result in costly and unnecessary delays. 

@ CPM is based on a pictorial project representation—an “Arrow 
Diagram” or “Project Network”—which shows the relationship and 
sequence of work to be done.* As employed by the GE 225, the 
Critical Path Method can be used for all types of project problems 
—from manufacturing, maintenance or construction planning to cor- 
porate planning, product launching and missile countdown. 

@ The CPM program developed specifically for the GE 225 eff- 
ciently processes both COST and TIME information on each job in 
the project to obtain minimum time-cost schedules. As a result, man- 
agement and project personnel alike obtain pertinent and timely 
information on plans and schedules. 

@ The GE 225 CPM application is an advance providing for auto- 


GH 225 AND CPM 


matic event re-numbering and direct priority weighting of each 
project job in the most efficient manner. 

@ General Electric sales representatives, backed up by new General 
Electric Computer Department Information Processing Centers, can 
further explain this exciting and flexible use for a GE 225 and are 
ready NOW, working with your consultants and management, to 
integrate information handling equipment into your business. 

@ The application of the GE 225 to CPM represents one of many 
new advances pioneered by General Electric. It would be a wise 
move for you to investigate the benefits of the Critical Path Method, 
GECOM and other General Electric advances —all available for the 
GE 225. GECOM is the General Compiler which processes English 
language statements (COBOL), Algebraic expressions (ALGOL), 
Structured decision tables (TABSOL) and the File and Report In- 
formation Processing Generators (FRINGE). 


For more information, write to General Electric Company, Computer 
Department, Section 65G7, Phoenix, Arizona, or contact your nearest 
General Electric Computer Department district office listed below. 


Atlanta: 270 Peachtree St. N.W., 522-1611 © Bestom: 140 Federal St., HU 2-1800, Ext. 311 © Chieage: 840 S. Conal St., WA 2-5611, Ext. 587 © Cleveland: 215 Euclid Ave., 
SU 1-6822 * Dallas: 3200 Maple Ave., Ri 8-0589 © Detroit: 680 Antoinette St., TR 2-2600 * Houston: 4219 Richmond Ave., MO 7-3301 * Kansas City, Mo.: 106 W. 14th St., 
GR 1-2919 ® Los Angeles: 1010 S. Flower St., DU 1-3641 © Lewisville: Bidg. 6, Appliance Pk., GL 4-7511 ® Minneapolis: é6th & Hennepin, FE 2-7569 * New York: 122 E. 42nd St., 
PL 1-1311, Ext. 2235 * Philadelphia: 2 Penn Center Plaza, LO 8-8085 * Phoenix: 3550 N. Central Ave., AM 4-3741 © Pittsburgh: 1634 Oliver Bidg., Mellon Sq., AT 1-6400, Ext. 
566 * San Francisco: 235 Montgomery St., DO 2-3740 © Schenectady: Bidg. 2,1 River Rd., FR 4-2211, Ext. 5-4405 * Seattle: 710 Second Ave., MA 4-8300 * St. Lowis: 818 Olive St., 
GE 6-4343 © Syracuse: 1010 James St., GR 6-4411, Ext. 6141 * Washington, D.C. Area: 7401 Wisc. Ave., Bethesda, Md., OL 2-8100. In Canada: Conadion General Electric Co., 


Ltd., Electronic Equip. and Tube Dept., 830 Lansdowne Ave., Toronto, Ontario, Canada. Outside U.S.A. and Canada: 
Producer Goods Export Dept., International General Electric Compony Div., 150 E. 42nd St., New York City, N.Y., U.S.A. 


#THIS METHOD WAS DEVELOPED BY MAUCHLY ASSOCIATES, 
AMBLER, PENNSYLVANIA— TORONTO, CANADA, 


& ] INFORMATION PROCESSING 


AUTOMATED BY GENERAL ae 
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2 new models 


RW igen 


ATL Sele ate 
DELTASWITCH 
high speed mercury jet 


COMMUTATORS 


__ A jet of mercury offers many advan- 
_ tages over the conventional wiper arm 
_. . . it doesn't bend, bounce, wear, 
- warp, fatigue, or pit. As a result, the 
' Deltaswitch outlives conventional com- 


mutating devices many times over. 
Deltaswitches are available from stock 


in 1200 and 1800 RPM models, with | 
64, 81, or 100 channels per pole, for — 
either single or multi-pole operation. — 


_ © no contact bounce 


F 


* high sampling rates 


_ © trouble-free operation 


| Write for full information 


ADVANCED 
TECHNOLOGY 
LABORATORIES 


& DIVISION OF 








SHOPT ALK 


Poetry of computing control 


We direct your attention to a novel treatment of computing 
control starting on page 89. TRW Computer Co’s Tom 
Stout, faced with the task of defining and interpreting basic 
computing control terms for the Pilot Plant and Process Con- 
trol Symposium in Los Angeles, resorted to verse for a blithe 
way of presenting tutorial information. 


Control Engineering in Europe 


Visitorstothe French 

Mesucora show held 

in Paris in May couid 

hardly miss ConTRoL 

ENGINEERING $_ partici- 

pation. Our booth 

stood directly at the 

main entrance. The 

booth not only empha- 

sized CtE’s growing in- 

terest in Europe's control affairs but it also permitted readers 

from far and wide to meetvan international composite of our 

staff. Starting from the left, you see European editor Derek 

Barlow (London), circulation manager Ben Sills (Paris), and 

publisher Will Garey (New York). For Derek’s report on 
Mesucora, see page 29. 


Comprehensive coverage of pneumatic logic 


Ed Holbrook has used movable boards like this one to 
push his concept that pneumatics systems can perform both 
logic and power functions. Ed starts a series on pneumatic 
logic on page 104 with a discussion of basic hardware and 
functions. Later articles will cover such interesting facets 
as ait logic and power for materials handling, programming, 
and safety interlocks. 

Ed moved from England to the U. S. in 1919, as a young 
lad. Ten years later he joined Westinghouse Air Brake as an 
experimental engineer and by 1956 had worked his way up to 
general sales manager of that company’s Industrial Division. 
In 1959 he moved to Modernaire Corp. to handle government 
and eastern states sales as well as European sales and licensing. 
Tired of traveling the 
world, early this year 
Holbrook went south 
to become director of 
sales and_ engineering 
of pneumatic and hy- 
draulic equipment for 
the Barker Instrument 
and Machine Co. in 
South Carolina. 
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—Juwer Dual-Crol one 


Recycling Timer a 









Dual-Trol represents a broad new modular concept of 
,automatic timing control far more flexible, reliable, and weaves. 
practical than anything before. 7 STRIP 

It is engineered and designed for easy installation and 
interchange of ten different modular timer units that is 
ean be paired to provide limitless combinations of on-off EXTERNAL SWITCH WIRING 
cycles—from 6 seconds to 3 hours. 

Dual-Trol is extremely compact (714” x 6” x 5”) and 
features isolated load contacts, and adjustable dials for 
setting the desired on-off sequence. 

Get our Dual-Trol Bulletin 501 with the details of this 4 —_—enmemwemw enw ew a aS oS oe 


significant new automatic timing device for industrial 
processes. Simply send the coupon, 
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INDUSTRIAL TIMER CORPORATION 
1401 McCarter Highway e Newark, New Jersey 


Gentlemen: 
Please send me your Dual-Trol Bulletin 501. 


I 
I 
INDUSTRIAL TIMER CORPORATION | CO Rh a 


1401 McCarter Highway e Newark 4, New Jersey 


Manufactured and sold in Canada by SPERRY GYROSCOPE OTTAWA LIMITED 
3 Hamilton Ave., Ottawa, Canada » PA 8-4681 


Zone_____State 

















ElectriK Tel-O-Set—the true 2-wire system 
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Care and feedback of delicate inputs 
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Delicate inputs thrive on the tender care of ElectriK 
Tel-O-Set’s force-balance feedback system. This system, used 
as the basic circuit in Tel-O-Set transmitters, receivers, con- 
trollers, and other instruments, has proved itself in thou- 
sands of installations in the last five years. The force-balance 
feedback circuit increases the accuracy and dynamic 
response of the system by decreasing hysteresis effects and 


sensitivity to changes in ambient conditions. 


Observe: (1) input force (from bellows, Bourdon tube, or 
displacement linkage) d<fecis pivoted beam; (2) air-gap in 
ferrite detector increases, (3) producing a change in induc- 
iance in oscillator circuit; (4) a portion of output current is 
fed back into magnet unit, producing a force on beam which 
is equal and opposite to input force; feedback balances beam. 


Full scale motion is only one-thousandth of an inch. 


The advanced control engineering seen in force-balance 
feedback is carried through the entire ElectriK Tel-O-Set 
System. Specifically, there’s no external power required at 
any field-mounted Tel-O-Set instrument. Line power con- 
nection is made only at the receiver. Two-wire d-c trans- 
mission eliminates shielding problems. The 4-20 milliamp 
signal range of the system gives a live zero and permits the 


use of the most reliable transistors available. The d-c signals 


Oscillator 


Zz 



































Detector 





4-20 ma de 


A > Output 


Pivot Magnet Unit 





can be fed into data handling systems and millivolt-actuated 
instruments . . . can be easily transduced to a standard 3-15 


psi pneumatic signal to operate existing pneumatic systems. 


Take a new look at your control applications with the 
ElectriK Tel-O-Set System in mind! Get complete technical 
data from your local Honeywell field engineer. Call him today 
. . . he’s as near as your phone. Minneapouis-HONEYWELL. 
21 Penn Street, Fall River, Massachusetts. 
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WHEN QUALITY \_ 
iS A MUST 


-Stromberg-Carlson’ 


TELEPHONE-TYPE 
COMPONENTS 


RELAYS: Wide range, for electro- 
mechanical switching. Send for 
Bulletin T-5000R2. 


KEYS: Cam-type and push-button. 
Send for Bulletin T-5002R. 


STEPPING SWITCHES. Fast and de- 
pendable. Bulletin T-5001R. 


JACKS & PLUGS: For many electri- 
cal and electronic uses. Send for 
Bulletin T-5003. 


me 


TELEPHONE HANDSETS: Standard 
or with switch assemblies. Send 
for Bulletin T-5005. 


For bulletins and more information 
contact the nearest Sales Branch 
office: Atlanta—750 Ponce de Leon 
Place N.E.; Chicago—564 W. Adams 
Street; Kansas City (Mo.)—2017 
Grand Avenue; Rochester—1040 
University Avenue; San Francisco— 
1805 Rollins Road. 
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FEEDBACK 





Information compression 


To THE Eprror— 

This is in reference to your Data 
File 45 (“Terminology for Analog to 
Digital Converters”) in the February 
1961 issue, written by W. M. Gaines 
and P. P. Fischer. In 1957, in recog- 
nition of the lack of definition of 
terms, Epsco, Inc. published a “Def- 
nition of Accuracy of Voltage-to-Digi- 
tal Converters”. 

You will note the similarity of 
terminology*but we would like to call 
attention to one significant difference, 
the purport of which is still largely 
unappreciated in the industry. Where 
the authors define absolute error they 
disregard entirely any reference to 
measurement against a primary or ab- 
solute standard. The vde is primarily 
a measurement instrument and must 
be considered on the basis of its ability 
to yield meaningful measurements. 

Robert E. Wright 
Product Manager 
Epsco, Inc. 


To tHE Epiror— 


Mr. Wright mentions a very good 
point and one which received consid- 
erable attention in the original ATEE 
paper 61-15. Mr. Fischer and I placed 
emphasis on the method of testing 
analog to digital converters since there 
can be little significance attached to 
performance figures in the absence of 
compatible methods of experimentally 
verifying them. I will quote several 
sections of the AIEE paper pertinent 
to the discussion of referencing meas- 
urements to suitable standards. 

“Section 2.1.22, Absolute Accuracy 
(more correctly, absolute error) is a 
measure of exactly how correctly the 
quantized output of the system in- 
dicates the numerical value of the 
input, with reference to an accepted 
standard.” 
“Section 5.1.2.1, Instrumentation. 
Absolute accuracy measurements re- 
quire use of compatibly accurate 
voltage measuring instruments and 
secondary standards. Instruments 
10 to 1 or better in absolute accu- 
racy are desirable. For the most 
accurate analog to digital converters 
this would require instrumentation 
with +0.005 to 0.001 percent abso- 
lute accuracy. The latter figure is on 
the borderline of practicality with 
primary standards.” 

As pointed out in the AIEE paper, 


there are a variety of ways to measure 
the characteristics of an analog to digi- 
tal converter and thus the test tech- 
nique used is necessarily an integral 
part of the specifications. In many in- 
stances, the apparent divergence of 
definitions of performance is clarified 
immediately when the methods of 
testing the “performance” of the de- 
vices are defined. 
W. M., Gaines, Manager 
Systems Analysis 
Process Computer Systems 
Industry Control Department 
General Electric Co. 
The phrase “with reference to ac- 
cepted standard” was deleted in re- 
ducing the 22-page AIEE paper to a 
two-page article. Also, the article was 
confined to terminology for functional 
characteristics: references to test 
measurements were not included. Ed. 


Another query on control in Russia 


To THE Eprror— 

We were interested in the article, 
“Russia Not So Shocking in 1960 
Visit”, which appeared in the August 
1960 issue of CtE. Can you supply 
us with additional information on the 
digital computer that has been devel- 
oped to program the analysis of alu- 
minium oxide? 

F. Goodwin 

The British Aluminium Co. Ltd. 
Chalfont Park, Gerrards Cross 
Bucks, England 


Here is all of the detail we have on 
the digital computer developed at the 
Institute of Automation at Kiev for 
analysis of aluminium oxide solution. 

The analysis of the quantity of 
aluminium oxide present is required 
for the control of an electrolyte solu- 
tion of ALO, and Na.O in water, from 
which aluminium is produced by an 
electrolytic . Measurements of 
both the conductivity and density of 
the solution are determined. Nothing 
further is available on the measure- 
ment techniques that are used, but the 
information is fed to the computer as a 
five-bit binary word. The incoming con- 
ductivity and density values are com- 
pared in the computer (at 400 opera- 
tions per sec) with stored information 
contained in a 4,000-bit store. This 
stored information details the varia- 
tion of density and conductivity with 
aluminium oxide content. From a com- 
parison of these values against the 
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ACTUAL SiZE 

MWB.-2600 

Two Capsule 
Relay 


DENSITY RELA 


ACTUAL SIZE 


PIES 5: : MWB-1600 
cee Single 
: Capsule 


thermally generated voltagé 


Molded in epoxy resin, Adlake MWB type relays are designed for @ 
on printed circuit boards. High component density makes them idegh 
for computor and peripheral equipment applications. Other advantag 
include: low thermally generated voltages; low contact resistance 
throughout life—which is estimated at billions of operations; absenceg 
of pitting or dirt; positive closure; operating speeds of up to 100 
operations per second; and ability to handle loads up to 250 va., 500 
volts—5 ampere maximums. Relays are available in single and double 
contact versions. Terminal pin arrangement is to the 0.2” grid, however, 
configurations can be made to fit requirements. Mail coupon today 
for further information. 


Visit our Booth 933 at the 1.S.A. Show 


— SS 


THE ADAMS & WESTLAKE CO., Dept. L- 3407 
Relay Division, Elkhart, Indiana 





NAME _ 
COMPANY 


ADDRESS 


MERCURY WETTED 
CONTACT RELAYS wile bg 


dein adaagssneips ici: teas teniih satis ali dihas dies wine ets delet 
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How Convair-Astronautics 
keeps track of 


this... 


(and 84,999 other missile parts) 


The Manufacturing Control De- 
partment at Convair (Astronautics) 
Division of General Dynamics Cor- 
poration has a monumental prob- 
lem: how to keep track of the 
movement of over 85,000 individual 
missile parts. 

The solution: automated data 
preparation by means of a Friden 
Collectadata® system. Situated in 
key plant locations, Collectadata 
transmitters report virtually all parts 
movements—over 5000 every day— 
to central Collectadata receivers 
which record them into punched 
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paper tape. At day’s end the Col- 
lectadata tapes are fed into the elec- 
tronic computer at Astronautics for 
further data processing. 


This is what Astronautics says: “The 
Collectadata has been in use at 
Astronautics for less than a year. 
But by eliminating tedious manual 
paperwork, and by assuring prompt 
processing of all inventory reports, 
it has already saved considerable 
time, trouble and money.” 


How much could Collectadata save — 


you? Call your Friden Systems 
Man, or write: Friden, Inc., San 
Leandro, California. 


THIS IS PRACTIMATION: auto- 
mation so hand-in-hand with prac- 
ticality there can be no other word 
for it. 


riden 


Sales, Service and Instruction Throughout the U.S. and World 








FEEDBACK 


incoming data the computer output is 
fed to a recorder to give the aluminium 
oxide content present in the solution. 
Concentration range is up to 300 
grams per liter, but unfortunately no 
figures are available on the accuracy 
of the measurement. Derek Barlow 


A sampling, not a survey 


To THe Eprror— 

We were considerably shaken to 
find that our digital modules were 
omitted from the list in “Transistor 
Switches for Industrial Service” (CtE, 
March 1961, p. 115). Our industrial 
line includes flip-flops, one shot mul 
tivibrator, diode gates, inverter, neon 
lamp driver, emitter follower, pulse 
amplifier, blocking oscillator, shift 
register, counter, oscillator, Nixie 
driver, Schmitt trigger, NOR element, 
and transistor gates with the follow- 
ing characteristics: size, 33 x 4 in.; 
speed, 200 kc or 3 mc; supply voltages, 
—12, +6; signal level, —12 and 0; 
and leading edge or pulse logic. 

In addition to industrial units we 
also produce comparable circuit con- 
figurations in militarized types. 

Richard A. Terry 
Packard Bell Computer 
Los Angeles, Calif. 

There was no intention of making 
this a complete survey of available 
computer logic modules, of which 
there are many. The object was to show 
characteristics of typical devices. Ed. 


Wrong date 


To THe Epiror— 


Your reports on computer installa- 
tions in the Industry’s Pulse section 
of the March and May issues are very 
informative and comprehensive. The 
compilation of this class of informa- 
tion is a valuable service to industry. 

The list of computer loggers in the 
utility industry as reported in the 
May 1961 issue contains one signifi 
cant error. The ISI 609 logging and 
computing system furnished to the 
Gulf States Utilitics Company, Lake 
Charles, Louisiana, was installed and 
commissioned early in 1960. Your re 
port shows the date on-line as 1961. 

The unit has been in successful op 
eration at the Nelson Station of the 
Gulf States Utilities Company in Lake 
Charles since March of 1960. 

]. W. Windhorst 
Assistant Sales Managez 
P.S.C.-Systems 


Information Systems, Inc. 
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You have asked... 


Q: what is the straight story on the 
flammability of polyethylene? 


A: Polyethylene is rated as a ‘‘slow- 
burning” material, like rubber and 
many other materials. Its perform- 
ance in flame tests depends on the 
construction. For instance, #6 AWG 
copper line wire with 2/64” of 
ALATHON 5, BK22 polyethylene resin 
passes the horizontal flame test. If 
you need a truly “‘self-extinguishing”’ 
insulation which will pass the U/L 
vertical flame test, use Du Pont 
RULAN flame-retardant plastic 
(based on polyethylene). 


Q: what is the best nylon and best 
polyethylene for outdoor service? 
How long will they last? 


A: The best outdoor nylon is ZYTEL 
37X nylon resin. It contains well- 
dispersed carbon black, and a good 
heat stabilizer. We do not know yet 
what its outdoor life will be, but it 
has stocd up over 17,000 hoursin the 
Weather-O-Meter (unfiltered arc) 
without failure. 


ALATHON 1000 BK-30 is Du Pont’s 
best polyethylene resin for outdoor 
service. It should be good for well 
over 20 years (possibly over 40) 


Q: | have had trouble with thermo- 
plastic jackets splitting and jamming 
conduits during pulling. Do you know 
a good lubricant? 


A: Maybe you're using the wrong 
thermoplastic. We are having great 
success with jackets of ZYTEL 37X. 
This product is extremely hard and 
slick, exceptionally tough, easy to 
pull. 37X looks good for direct burial 
cable, too, where you have especially 
tough plowing conditions. 


Du Pont does not manufacture wire 
and cable, but supplies thermoplastic 
resins for insulation and jacketing. 








POLYCHEMICALS DEPARTMENT 
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through Chemistry 


ROUND TABLE 


CONTROL ENGINEERS: 


Save 20-35% installation space 
with Du Pont plastics 


Extensive research has shown that the 
properties of ALATHON polyethylene 
resins permit a thinner primary insula- 
tion with equal or better dielectric per- 
formance than other compounds. Re- 
sult: smaller over-all cable diameter and 
smaller conduits are practical. Depend- 
ing on the number and size of conduc- 
tors, savings of 20°, to 35% in thick- 
ness over the older constructions are 
thus possible. 


For extreme cases, where the possi- 
bility of fire precludes the use of poly- 
ethylene, Du Pont recommends the use 
of RULAN, a flame-retardant plastic, 
in the same thickness as ALATHON. For 
secondary insulation, a thin skin of 
ZYTEL nylon resin imparts exceptional 
abrasion resistance and higher operat- 
ing temperature limit. Where mechani- 
cal abuse or chemical attack pose a 
problem, an armor of ZYTEL gives maxi- 
mum protection. 


A typical control cable design that takes advantage 
of the superior properties of Du Pont plastics is 
shown at right. For complete information on the 
use of ALATHON, RULAN and ZyTEL for improving 
signal and control cable design, send for your copy 
of Polychemicals Department Booklet WC-3 “‘Sig- 
nal and Control Cable Design.’’ Write: Du Pont 
Company, Rm. CE-7, Polychemicals Dept., Wil- 
mington 98, Delaware. In Canada: Du Pont of 
Canada Limited, P.O. Box 660, Montreal, Quebec. 


ALATHON 


POLYETHYLENE RESINS 


RULAN 


FLAME-RETARDANT PLASTICS 


Primary Insulation 
ALATHON 


or 
RULAN 


Secondary 
Insulation 
ZYTEL 


——| 


Jacket 
ALATHON 


or 
RULAN 








NYLON RESING 


| ZYTEL’ 
| 
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LAMBDA 


Convection Cooled 
ransistorized Regulated Power Supplies 


LA SERIES 


0- 34VDC 5 AMP 
0- 34VDC 10 AMP 
0- 34 VDC 20 AMP 


20-105 VDC 2 AMP 
20-105 VDC 4 AMP 
20-105 VDE 8 AMP 


73-330 VDC = =—0.8 AMP 
73-330 VDE =—1.5, AMP 
73-330 VDC =3 AMP 


SPECIAL FEATURES 


¢ Convection Cooled—No internal blowers 
or filters—maintenance free 

* Ambient 50°C 

@ No Voltage Spikes or overshoot on 
“turn on, turn off,”” or power failure 

¢ Short Circuit Proof 


¢ Remote programming over Vernier band 
e Hermetically-sealed transformer designed 
to MIL-T-27A 
e Easy Service Access 
¢ Constant Current Operation—Consult Factory 
¢ Guaranteed 5 years 


CONDENSED DATA 
DC OUTPUT (Regulated for line and load) 


Temperature 


Model 
LA 50-03A 
LA100-03A 
LA200-03A 
LA 20-05B 
LA 40-05B 
LA 80-05B 
LA 8-08B 
LA 15-08B 


Voltage Range ‘!) Vernier Band 


0- 34 VDC 
0- 34 VDC 
0- 34 VDC 
20-105 VDC 
20-105 VDC 
20-105 VDC 
75-330 VDC 
75-330 VDC 


) Current Range ‘) 


0-5 AMP 
0-10 AMP 
0-20 AMP 
0- 2 AMP 
0- 4 .AMP 
0-8 AMP 
0- 0 
0- 1 


Price (4) 
$ 395 
510 
795 
350 
495 
780 
395 


Coefficient Less than 0.025% /°C. 


(1) The DC output voltage for each model is completely covered by four selector 
switches plus vernier range. 

(2) Center of vernier band may be set at any of 16 points throughout voltage range. 
(3) Current rating applies over entire voltage range. 

(4) Prices are for unmetered models. For metered models add the suffix ‘“‘M’’ and 
add $30.00 to the price. 

(5) Except for LA50-03A, LA100-03A, LA200-03A which have AC input voltage of 
100-130 VAC. 105-140 VAC available upon request at moderate surcharge. 


8 AMP 
‘5 AMP 560 
LA 30-08B 75-330 VDC ‘ - 3 AMP 860 AC INPUT 105-140 VAC, 6045) + 0.3 cycle 

(6) This frequency band amply covers standard commercial power line tolerances 
in the United States and Canada. For operation over wider frequency band, con- 
sult factory. 


Regulation (line).......Less than 0.05 per cent or 8 millivolts 
(whichever is greater). For input varia- 
tions from 105-140(5) VAC. 

Size 

LA 50-03A, LA20-05B, LA 8-08B 3%” Hx 19” W x 14%” D 

LA100-03A, LA40-05B, LA15-08B 7” Hx 19” Wx 14%" D 

LA200-03A, LA80-05B, LA30-08B 10%” Hx 19” W x 16%” D 


Send for new Lambda Catalog 61 


LAtI@a 


LAMBDA ELECTRONICS CORP. 


515 BROAD HOLLOW ROAD, HUNTINGTON, L. I.. NEW YORK 516 MYRTLE 4-4200 


Regulation (load)...... Less than 0.10 per cent or 15 millivolts 
(whichever is greater). For load varia- 
tions from 0 to full load. 


Less than 1 millivolt rms with either 
terminal grounded. 


Ripple and Noise. . 
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A CONTROL PERSONALITY 


K. Calvin Johnson 


has capacity to spare 


On the campus of Georgia Tech, Cal Johnson’s 
capacity to do things must have set some sort of 
record. He participated in 10 extracurricular activi- 
ties, was president of five of them and an officer in 
the others. He was editor of the school yearbook. 
He was selected for membership in eight student 
honorary societies. And in the midst of all this 
extracurricular activity, he earned his B.S.E.E. de- 
gree, graduating in 1947 with the highest average 
in the senior class. 

Johnson, a quiet Southerner, has carried that same 
capacity for work into control engineering. At the 
same time he was earning his S.M. degree (1949) 
and an Sc.D. (1951) at M.LT., Johnson worked 
as a full time research fellow. His doctoral thesis, 
which developed practical theoretical techniques to 
analyze nonlinear feedback control, is still con- 
sidered one of the basic papers in the nonlinear servo 
field. He extended the work of Kochenberger on 
describing functions. 

When he joined Bendix Research Laboratories 
in 1951, Johnson’s first assignment was a “statistical 
smoothing job”. He helped design a special purpose 
computer for the Navy that would take radar bal- 
loon-tracking data and convert it into usable infor- 
mation on wind velocity and direction. He also 
worked on a Signal Corps project to do the same 
thing but with a digital differential analyzer. Al- 
though prototypes of both machines were built and 
delivered, Johnson says, “This was a pioneering 
effort in 1951 and we still haven’t succeeded in auto- 
mating the weather bureau. It seems that computer 
technology is too expensive for the meteorological 
results obtained.” 

Because he had arrived at Cambridge about the 
time the M.I.T. Servomechanisms Laboratory was 
developing the first numerical control system for a 
machine tool, Johnson was assigned to work on one 
of Bendix’s biggest headaches: how to reduce the 
300 to 400 hours required to set up low-volume, pre- 
cise jet engine fuel control system parts for ma- 
chining. Traditionally, a Bendix craftsman would 
hand carve a master part to serve as a template for 
production. The answer, of course, was numerical 
control. At first, Johnson was made responsible for 
electronics development on the project; later he 
became project engineer for the system. 

Bendix found the solution so satisfactory that it 
is now marketing the numerical control system. 
Since 1955, the company has sold 163 Bendix nu- 
merical control systems. Last year sales were 50 
percent over 1959; current sales are twice that. 
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Though he has left the field of numerical control 
design to concentrate on other intriguing computer 
applications, Johnson feels that the application of 
sophisticated controls to machining has barely 
started. “Such features as circular interpolation and 
cutter offset are now being implemented—and more 
advanced features are feasible.” 

As head of Bendix Research Laboratories Com- 
puter Development Department, Johnson’s main 
objective is to increase the industrial applications 
of computers. For one thing he is interested in 
making computers more useful to the process engi- 
neer who has to prepare a numerical control pro- 
gram. One idea: to use computers and displays in 
the actual design process, going directly to numerical 
control records. 

Busy Cal is not content with just one complex 
project. He is also working to apply tunnel diodes 
in the design of very high speed computers. He 
has some ideas about how to use them to perform 
both general logic and random access memory. 

Another program is the design of a real time 
digital computer for photogrammetric mapping. 
This instrument, he hopes, will eliminate the me- 
chanical simulation now necessary in evaluating 
aerial photographs to compensate for the curvature 
of the Earth, refraction, and lens distortion. 

Still a bachelor, the 35-year old Johnson fre- 
quently starts his day’s work before 8:00 am and stays 
close to his office until 7:00 pm. His major outside 


activities today are with professional societies. His 


chief form of recreation: an occasional skiing trip or 
a visit home to Tampa. 





Take a close look at this new limit switch! 


THE NATIONAL 
ACME COMPANY 
165 E. 131st STREET 
CLEVELAND 8, OHIO 


Seles Offices: Newark 2, N. J., Chicago 6, Ill., Detroit 27, Mich. 
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Wevrsbcreaks 
in Control 


More on Automatic Drafting 


Cleveland—A new automatic drafting system will be announced soon. 
Universal Drafting Machine Co. has built an automatic device that is 
directed by a Thompson Ramo Wooldridge numerical control system. 
Industry experts hear that aerospace companies using numerically con- 
trolled machine tools have purchased five of the automatic drafting systems. 


U. S. Company Turns Down Soviet Bid 


Seattle—Republic Electric & Development Co. has turned down a request 
from the Soviet government to supply the control for six automatic lumber 
sorters in a 1,500,000 board ft per day mill under construction. The mill is 
being built in British Columbia, will be disassembled for shipment to 
Russia. By refusing to supply the controls, Republic has turned down a 
sale of $150,000 worth of Magnestat memory controls (CtE, August ‘60, 
p. 31) that use magnetic discs to store sorting locations. 


Electronic Instrumentation Triples Stee! Miil Output 


Houston—Gulf States Tube Corp. has opened a $5 million automatic 
seamless steel tubing line. Electronic controls, with feedback from photo- 
electric cells and radiation gages, regulate and monitor the in-line hot mill 
from the input of the raw bar stock to the output of the finished tubing. 
Under automatic control the mill produces tubing three times faster than 
the fastest mill now in production. 


Chocolate Bayou to Have Satellite Computers 


Houston—Monsanto Chemical Co.’s ammonia plant at Chocolate Bayou 
near here will be the first to have more than one computer in closed-loop 
control. In the ultimate system one central computer will be tied to three 
satellite machines. Winner of the computer contract after spirited compe- 
tition: Minneapolis-Honeywell. Contractor-engineer: Bechtel. Details of 
the installation are slated to be released on July 1. 


New Computer Program for Numerical Control 


New York—IBM has announced a new computer program called Auto- 
Promt (Automatic programming of machine tools) that should broaden 
the use of continuous contour numerically controlled machine tools. To 
ready a part for production, the designer describes the three dimensional 
shape to be milled rather than specifying the paths the tool must follow 
to machine the part. A computer then automatically calculates tool path. 
For example, 180 one-line statements that describe a complex helicopter 
gearbox generated 8,000 tool path instructions. The program can be used 
on the IBM 704, 709, and 7090 data processing systems. 





JULY 1961 





In laboratory prototype of new pneumatic computing element, transparent plastic 


replaces ceramic that is normally used 
capacity for four more. Screw holes at left 


Module contains two flip-flops and 
top and bottom) are air connections 


Black wafer is size of element to contain six 


flip-flops just as incorporated in plastic labora 
tory prototype 


Flow 
restriction 
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Basic bistable pneumatic element 


Moving Ball Computes With Air 


New bistable element has 
demonstrated all the necessary 
functions of arithmetic and 
logic required in a digital com- 
puter. It can be miniaturized so 
that component densities from 
2,000 to 4,000 units per cu in. 
are possible. Next step: to build 
a pneumatic computer with the 
elements. 


A tiny ball moves freely, but not 
loosely, in a narrow cylinder that has 
four tubular connections. When two 
of the connections are supplied with 
gas, and the two others vented to the 
air, the ball assumes either of two 
stable states: at the top of the cylinder 
or at the bottom. That is about all 
there is to the operation of a new 
pneumatic computing element, de- 
veloped by Kearfott Div. of General 
Precision, Inc. 

By combining these elements into 
adding or logic circuits, Kearfott be- 
lieves it can produce a medium-sized 
general purpose computer that will 
occupy a volume no bigger than 
54 x 54x 1 in. Because it will be 


made of ceramic plates into which 
holes and slits have been etched, the 
computer should operate in a temper! 
ature range from —100 to +2,000 
deg F without special provisions for 
heating and cooling. 

¢The stable states—Kearfott’s new 
device is quite different than the 
pneumatic computing element previ 
ously announced by the U.S. Army’s 
Diamond Ordnance Fuze Laboratory 
(CtE, May 1960, p. 26). DOFL’s 
fluid amplifier has no moving parts, 
relies on control of a flowing jet by 
another stream of fluid. The diagram 
above shows how Kearfott’s device 
carries out diode operation that makes 
it usable as a computer building 


Single input binary flip-flop. 
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block to perform logic and memory. 

When the axial connections 1 and 
2 are supplied with a gas under pres- 
sure P, through separate flow restric- 
tion orifices, the ball is initially at 
position A. That’s because the force 
resulting from the pressure in the 
cylinder acting on the ball is greater 
than the force produced by the pres- 
sure acting on the ball through the 
valve seat 1. Some flow passes around 
the ball and out hank connection 
3; a lot flows out connection 4. And 
because of the pressure drop across 
the orifice, the pressure at inlet 2 
is P, — 8. 

If inlet 3 is closed, the pressure on 
both sides of the ball equalizes since 
there is leakage between the ball and 
the cylinder wall. As soon as the 
seal between seat A and the ball is 
broken the supply pressure P, entet 
ing through seat 1 will drive the ball 
to position B. If inlet 3 is re-opened, 
the ball will stay at B in equilibrium 

* Pulses or closure—Pressure pulses 
applied at the radial connection (3 o1 
4) will operate the device as well as 
a complete closure. That means 
actuation time can be cut sharply. 
Kearfott says switching time can be 
reduced to 10 millionths of a sec, 
unusually fast for a pneumatic device. 

In a computer, the Kearfott device 
would primarily receive pulses as in- 
puts and supply a pressure rise as an 
output. Although a pneumatic com- 
puter has not yet been built, Kearfott 
has designed buffering, oscillator, and 
isolation circuits as interconnections. 

One characteristic Kearfott claims 
for its bistable element is easy con- 
version of pneumatic to electrical 
signals. Position of the metallic ball 
can be detected by a coil or by capaci 
tor plates imbedded in the walls. The 
reverse conversion—electrical to pneu- 
matic—is produced by forcing ball 
motion magnetically or electrically. 
his means electrical test equipment 
can be built right into the computer. 

¢ Binary scaler—How these elements 
might go together to make a binary 
scaler is shown at the bottom of page 
22. This scaler uses a tristable ele- 
ment, formed by a connection at the 
center of the cylinder of the conven- 
tional bistable element. 

When this center connection is 
open, the ball is driven to the center 
of the cylinder and remains there re- 
gardless of the conditions at points 3 
and 4. When the center outlet is 
closed, the element behaves as a bi- 
stable device. 

In the binary scaler, as the drawing 
shows, each time a pulse is applied to 
the input, the output element reverses 
its state. 

Applications for the air computer: 
missile guidance, business cer cag 
and process control. 
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WHAT’S NEW 


CIA's Film Memory 
To Store 990,000 Pages 


Intelligence information retrieval system combines computer 
search with a high speed method of reproduction. Contents 
of the film memory are reproduced on film in aperture cards. 


The U.S. Central Intelligence 
Agency’s critical file of reports, 
records, and statistics is bulging at 
the seams. Its index and cross in- 
dexes now occupy almost 40,000,000 
punched cards. That's why the 
agency commissioned IBM two years 
ago to develop an automatic informa- 
tion retrieval system that could find 
and reproduce critical material when 
it was needed. 

Details of the system, nicknamed 
Project Walnut, have been kept a 
closely guarded secret. But last month 
an [BM engineer, T. W. Porter, de- 
scribed some of the system’s capabili- 
ties at the ONR Large Capacity Com- 
puter Symposium (page 24). The main 
core, of Project Walnut is a random 
access Kalfax* film memory module 
that will store 990,000 standard pages. 

¢ Three systems—CIA’s new infor- 
mation retrieval system—really three 
major subsystems—will not be deliv- 
ered before December 1962. One sys- 
ten will automatically reduce the 
pages of reports to the Kalfax film; 
a second will use an IBM 1410 to 
search the file’s index, which will be 
placed on magnetic tape; and the 
third system will automatically pro- 
duce aperture cards with pages of in- 
formation found in the search. 

Here’s how the three subsystems 
will work together. When a report 
arrives at CIA’s headquarters, it will 
be indexed and cross indexed, and the 
information punched into standard 
IBM cards just at it is now. Then 
the new procedure will operate. The 
document itself will be reduced onto 
a reel of microfilm which, when in- 
serted into a specially designed 
machine called an input converter, 
will be automatically reduced to Kal- 
fax frames. On a strip of this film, 
0.9-in. wide and 154-in. long, 99 
images will be reproduced, 3 abreast, 
33 longitudinally. 

The image file will be a circular 
machine into which 200 rectangular 


*A film sensitive to ultraviolet light 
and processed by the application of heat 


plastic cells are inserted. The cells 
are arranged in five concentric circles, 
40 cells to a ring. In each cell there 
will be 50 thin strips of Kalfax film, 
each with its 99 images. 

At the same time the input con 
verter produces the Kalfax images, it 
also punches address information 
into the control cards on which index 
information has been inserted previ 
ously. The information on the con- 
trol cards—address and key index 
words—is then put into the random 
access magnetic tape file. 

e The search—To find a document 
in the image file, a request is coded 
on a punched card that serves as in 
put to an IBM 1410 general purpos 
digital computer, programmed to 
search the magnetic tape file index 
When key words in the question 
match key words in the index, th« 
title of the report and its address in 
the image file is read out into a buffer 
memory. Then each title is printed 
out on hard copy and converted to a 
punched card. 

The CIA specialist who ordered th 
particular search edits the hard copy 
and requests copies of those “found” 
reports he wants to read. The 
punched cards then feed into the 
image file which automatically finds 
the proper cell first, then the proper 
strip, and finally the proper images. 

The image file rotates until the 
proper cell is brought in front of an 
ultraviolet light source. A mechanical 
arm reaches into the cell and removes 
the correct strip, raising it until the 
proper image is in front of the light 
source. Meanwhile an aperture card 
with a small piece of Kalfax film in- 
serted is slipped behind the strip. 

Ultraviolet exposure then transfers 
the image on the strip onto the card, 
and heat processes the card film to 
make it permanent. The entire oper 
ation—from insertion of the punched 
card with the address of the docu 
ment to finished aperture card—takes 
four seconds. In the hands of a reader, 
the cards can be read in a viewer or 
projected. 





Wind tunnel model flies suspended 
10 ft below gondola car of U.S. Navy 
airship in first free air test. 


Flying Wind Tunnel 


instrumented dirigible makes 
first successful free air 

tests of wind tunnel models. 
Carrying models suspended 
below it, the airship performs 
tests in the slow speed 

region that is critical to 

VTOL flight. Airborne 
analog computers make on- 
line testing possible. 


LAKEHURST, N. J.— 

When an airship like the ZPG pic- 
tured above cruises over the ocean, its 
flight is perfectly stable and free of 
vibration. Prof. D. C. Hazen of 
Princeton University’s Aeronautical 
Engineering Department learned this 
during an airship ride about a year 
ago when he was trying to solve a 
ticklish aerodynamic problem: how 
to test VTOL (vertical take off and 
landing) models at slow speeds in a 
wind tunnel. The floating ride of the 
sensitively controlled dirigible looked 
like it might answer a couple of nag- 
ging testing problems. 

Last month a specially instru- 
mented dirigible took off on its first 
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project testing flight. As the airship 
cruised engineers collected data that 
tliey hoped would shed some light 
on a tricky aircraft design problem. 

Hazen is interested in what hap- 
pens at the transition point of VTOL 
—when the plane switches from verti- 
cal to horizontal flight—the critical 
point of VTOL operation. It occurs 
at very slow speed, and if the aircraft 
design isn’t almost perfect, the VTOL 
plane goes into a complicated stall 
and falls like a brick. 

Hazen’s first problem was find- 
ing a wind tunnel in which he could 
run accurate slow speed tests. Most 
tunnels today are geared to test super- 
sonic aircraft or missile nose cones 
that travel at very high speeds. 
Second, at such slow speeds, the 
walls, ceiling, and floor of the tunnel 
influence the stream so much that 
data can be in error by a factor of 
three or four. So Hazen wanted free 
air data (a test in unconfined air) if 
he could arrange it. 

With Navy help, the Princeton 
professor measured the turbulence of 
air around the car of a small airship 
as it cruised. He found to his delight 
and surprise that air was undisturbed 
as little as 6 ft below the car. Some 
preliminary tests on propeller models 
convinced the Navy that an airship 


could serve as a flying wind tunnel, 
and Lakehurst’s Airship Test and De- 
velopment Department (ATDD) 
converted a 343-ft ZPG-2 dirigible for 
the project. 

It took four months to modify the 
airship. To carry the model, ATDD 
designed a hollow steel pipe that ex- 
tends from the radome compartment 
in the bottom of the car clear through 
the helium compartment; the pipe is 
raised and lowered hydraulically. In- 
strumentation cables and connections 
for powered models are placed inside 
the pipe. 

Crew bunks, used when the ship 
performed antisubmarine or aircraft 
early warning radar patrols, were re- 
moved and replaced with electronic 
gear. On the first deck, the Navy 
added banks of amplifiers to handle 
the small signals from strain gage bal- 
ances; in all, the ship can receive and 
amplify signals from twenty separate 
balances. On the second deck, right 
above the amplifiers, the Navy will 
soon add two transistorized Electronic 
Associates analog computers. 

During an experiment, data will 
flow from measuring instruments 
through the amplifiers into the analog 
computers, where results will be cal- 
culated while the test progresses. 
Thus, for example, experimenters will 
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introducing Foxboro’s new 
diaphragm liquid level transmitter... 
designed especially for thick-wall tanks 


Here’s an 


SENSING DIAPHRAGM CAPSULE has 
all wetted parts of Type 316 stainless 
steel, with optional plastic coating for 
further protection against build-up of 
“sticky” liquids on capsule. 
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improvement guaranteed to 
please any processor who wants a flange- 
mounted liquid level transmitter for thick- 
wall tanks and pipelines. It’s Foxboro’s 
new “extended diaphragm” d/p Cell* 
Transmitter. 

The sensing diaphragm capsule extends 
right through tank walls and lagging — 
up to 6 inches. Troublesome, catch-all 
pockets are eliminated. No chance for 
solids to build up — no need for purging 
or cleaning. 


And you'll find the T/13 FA “extended 











extended 


diaphragm” d/p Cell just as reliable as the 
standard Foxboro flange-mounted trans- 
mitters. Direct 3-15 psi air output signal 
(no need for intermediate signal convert- 
ers) ... accurate, troublefree. Ideal for 
viscous or corrosive fluids, slurries, and 
solids in suspension — as well as easy-to- 
measure fluids. 

Write for Bulletin 13-22. Or ask your 
nearby Foxboro Field Engineer for all 
ne details. ‘he Foxboro Company, 857 
‘eponset Ave., Foxboro, Mass. 


*Reg. U.S. Pat. OF. 





FOXBORO 


REG. U.S. PAT. OFF. 
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have a plot of lift coefficient versus 
velocity for a particular model before 
the airship turns around to head back 
to Lakehurst. 

*Ping pong speedometer—Velocity 
is one of the key parameters to be 
measured in proposed tests, and air- 
ship air speed indicators are notori- 
ously inaccurate in the slow speed 
range that interests Professor Hazen. 
To solve this, he built a ping pong 
ball anemometer that can measure 
velocity with an accuracy of about one 
percent. The air flow pressing against 
halves of ping pong balls drives a 
wheel around a helical-wound poten- 
tiometer. A measure of speed is ob- 
tained by counting pulses from the 
potentiometer. After the analog com- 
puters are installed, Hazen will feed 
his anemometer output into a re- 
corder that will total the pulses so 
velocity can be fed directly into the 
computers. 

In one of the first tests, Hazen in 
vestigated the action of a propeller 
that had been tested previously in a 
conventional wind tunnel. Once he 
determined the size of the error intro- 
duced by the tunnel walls, he was able 
to calibrate the conventional tunnel 
for further tests on the ground. 

A variety of different shaped 
models, some with wingspread as 
great as 17 ft, will be flown 10 ft 
below the car through a range of alti- 
tudes at speeds from near zero (the 
airship can hover almost as well as a 
helicopter) to a maximum of 50 mph 
(an airship’s top speed is 60 knots). 

In addition, raw data will be re- 
corded on magnetic tape so that ex- 
perimenters can replav the experiment 
back on the ground if necessary. 

¢End of the gas bag service—There 
is still a nontechnical question about 
how much testing this specially 
equipped airship will do, and it may 
be answered this month. In July, 
the U.S. Navy is expected to end 
its lighter-than-air service—to collapse 
its 13 or so dirigibles and put them 
into storage. Because the flying wind 
tunnel data are so urgently needed, 
ATDD will probably stay in business. 

In the past, airships have played a 
significant research role: they flew 
the first airborne radar when equip- 
ment was far too big to install in an 
airplane. The dirigible flights let 
engineers study airborne operation 
until radar equipment and antennas 
had been miniaturized enough to fit 
into an airplane. Now a similar 
project has started with infrared sub- 
marine detection equipment. First 
airborne system, that can spot a sub- 
marine wake by measuring a differ- 
ence in water temperature of a few 
thousandths of a degree, has been 
installed in an airship for testing. 
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Strategy for Bigger 
Computer Memories 


A symposium hears of new materials and new techniques 
being studied to make computer memories bigger and to 
reduce access time. Information might be stored on such 
media as chemical spots and the electron spin of atoms. 


WASHINGTON, D. C.— 

For a large number of problems, 
the big difficulty that prevents rapid 
solution is the limited random access 
memory of the computing system. 
Last month the U.S. Navy’s Office 
of Naval Research, whose efforts in 
self-organizing systems (CtE, Oct. 
1960, p. 28) have been slowed by 
lack of large capacity memory sys- 
tems, sponsored a symposium devoted 
to this subject. Over 500 listeners 
heard a first rate review of the state 
of the advanced art in memory. The 
presentations ranged from a technique 
to lower the cost of memories with 
capacitors to a proposal to store data 
on the electron spin of atoms. 

At the start of the svmposium. 
Chairman Marshall C. Yovits of 
ONR tried to define a large capacity 
memory as one that could store over 
one million bits, but not all the 
papers qualified under that definition. 

For example, Shigeru Takahashi, 
Japanese Electrotechnical Laboratory. 
described a capacitance tvpe fixed 
memorv of 4,096 words, 50 bits per 
word. The memory proper is a capac- 
itor matrix consisting of 64 sub- 
matrices; each has a phenolic board 
with printed electrodes connected by 
64 word lines, a sheet of aluminized 
Mylar film, a sheet of insulating My- 
lar film, and a second phenolic board 
with printed electrodes connected by 
50 digit lines. Chief advantage of 
this memory, to be used with the 
ETL MK-6, a new high speed com- 
puter, is low cost. 

eMagnetic cards—Two _ separate 
presentations described methods of 
combining the advantages of card 
storage with magnetic tape; both 
methods had been publicized _pre- 
viously. They are: Magnavox Research 
Laboratorv’s Magnavue card, a 1-in. x 
3-in. card containing provision for a 
photographic image and 450 mag- 
netically recorded alphanumeric char- 
acteristics; and National Cash Regis- 
ter’s magnetic card random access 


memory (CRAM), whose card is 34 
in. wide and 14 in. long, and contains 
over 21,500 bits. With 256 such 
cards in a unit, CRAM can store 54 
million alphanumeric characters. 

The twister, a Bell Telephone 
Laboratory development, is moving 
closer to commercial availability, the 
symposium heard. B. F. Gianola, 
BTL, described a new approach that 
puts the twister magnets on metal 
cards. The innovation not only car- 
ries the magnet arrays but enhances 
the switching fields of the twister 
wire. He also described such a 
memory with a capacity of 1,408,000 
bits. Because this technique lends 
itself to automatic production, Gian- 
ola predicted that the cost of a 
twister memory would be an order of 
magnitude less than one made with 
magnetic cores. 

Still another technique using a 
metal card was described by Ichiro 
Endo and Junji Yamato of Nippon 
Telegraph and Telephone Public 
Corp. In this large capacity semi- 
permanent memory system, aluminum 
cards with holes punched in them are 
inserted between printed circuit 
boards. On one printed board longi- 
tudinal driving lines are etched, and 
on the other transverse sensing lines. 
Each crosspoint represents a bit stor- 
age. Information is read out as volt- 
ages induced on the sensing windings 
when the driving lines are excited by 
high frequency ac currents. Two 
Japanese scientists are building a 500,- 
000 bit card memory with a readout 
time of about one microsec. 

¢ Blue sky—One of the most pro- 
vocative parts of the symposium was 
the introduction of some radically 
new storage techniques that someday 
may prove feasible for memory. For 
example, H. N. Leifer, Lockhead Re- 
search Laboratories, discussed the use 
of the phenomenon of spin echo for 
information storage, a technique that 
would turn fundamental atomic 
structures into memorv mediums. He 
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A time-saving package for the subdivision engineer... 
the IBM 1620 traverse closure and curve data program 


It calculates a seven-sided traverse in 
less than one minute from the time you 
put the paper tape in until the typewriter 
prints out the solution. Users of the 1620 
Data Processing System can have this 
new program free-of-charge. 

The program actually consists of two 
programs—traverse closure program and 
a lot and general curve data program in- 
corporating the same subroutines. The 
traverse program will accommodate 
thirty-sided traverses. It will automati- 
cally select the proper method of comput- 
ing the missing bearing(s) and dis- 
tance(s) from among the five possible 
end solutions. For each course it prints 


out the course number, bearing, distance, 
end coordinates, and the traverse area in 
square feet and acres. 

The program is flexible—you may use 
typewriter or paper tape input—you can 
decide whether the program is to report 
bearing and angles in tenths of seconds 
or seconds. 

And, you’ll find that the 1620 is easy to 
use, fast and powerful. It’s the most out- 
standing engineering and scientific com- 
puter in its price range. A basic installa- 
tion rents for just $1600 a month. 

To learn how the 1620 can free you for 
more creative engineering work, call your 
local IBM Representative. 


. 
IBM’s 1620 is a compact 
desk-size computer. 
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said information pulses of microwave 
energy can be stored by a precessing 
collection of electrons. When a strong 
recollection pulse is applied, the spins 
reradiate the information as spin 
echos. Theoretically the technique is 
capable of very large capacity storage 
with extremely short access time. 
Another new approach to memory 
b k h h . would store information on ferroelec- 
reakt roug in tric crystals like barinm titanate. 
H. H. Wieder, U.S. Naval Ordnance 
Laboratory, explained that if longi- 
tudinal lines are scribed on one face 
of a ferroelectric crystal and trans- 
verse lines are scribed on the other, 
. information can be stored at the cross 
resistance temperature points. The ferroelectric memory 
could be very small and operate at 
verv low power, but there are several 
detectors dificult problems that need solu 
tion. Driving circuits are hard to 
design and the crystals tend to heat 
up as a result of the dielectric effect. 
H. Kallmann, New York University, 
discussed persistent internal polariza 
tion of a phosphor as a potential stor- 
. si: age technique. After a phosphor has 
...new RdF sheathed probe with 300 millisecond response | {2° va 6 yl gece 
field, information can be impressed 
32REF on it by a light or radiation beam 
~1.750 which attenuates the polarization at 
5 | 181 the spot of incidence. Information 
DIA is retrieved with a similar beam that 
F sts the presence, absence, or 
aie a tests t I nCC, . 
“7 strength of polarization. 
The symposium also heard about 
7 _oONF new techniques being applied to im- 
i6 prove the speed of magnetic core 
memories, what’s happening in thin 
This CP platinum sensor hermetically sealed and protected | film memories and cryogenics, and a 
in a 316 stainless steel sheath gives you these important | description of the photochromic 
advantages: microimage memory developed by 
FAST RESPONSE — 63.2% response in 300 milliseconds or less, | National Cash Register. 
making it the fastest sealed resistance probe available. 
FULL PROTECTION — This new sheathed and sealed probe is 
compatible with liquid oxygen and ideal for use with corrosive og: 
modi saat ise Metal Interface Amplifier— 
WIDE TEMPERATURE RANGE — Provides precise measurement | New Competition 
from M 423°F (liquid hydrogen) to 400°F. for Transistor 


TYPICAL RESISTANCE DATA RdF .TYPE 3255 PROBE BLUE BELL. PA-- 
Temperature °F 400 | 212*| .70 | 32*|-250 |-300 | - With a new solid state phenom 
RdF STRAPON Nominal Resistance OHMS | 7371 522 1438 | 405 | 150] 100 enon—quantum-mechanical tunneling 

RN-100 Philco Research Div. has produced 
CaO omen apes active thin-film devices that may give 
transistors a run for their money 


Announcing a major 






























































RdF Corporation offers a complete fine of standard and mini- 
ature probes. Whatever your temperature measurement or con- | These new devices that are metal 
trol problems, write RdF Corporation for a thorough application | jiyterface amplifiers, promise small, 


RdF STIKON engineering review. low cost, reliable circuitry. And they 
BN Series can be made by deposition techniques 
compatible with the techniques now 
being used to make other micro 
miniature components. 

High operating frequencies, band- 
width, gain, and power handling capa- 
Originators of world-famous RdF Stikon® bility, and relative temperature insen- 

z sitivity and radiation resistance are 
and Strapon resistance thermometers. other features of these devices, the 
first of which was constructed in Janu- 
Formerly Arthur C. Ruge Associates, Inc. Nashua, N.H., TUxedo 25195 TWX NASH 188-U | ary. Evaluation is now underway. 





28 CIRCLE 28 ON READER SERVICE CARD CONTROL ENGINEERING 





EUROPEAN REPORT 


Ideas Lead Hardware 
at Mesucora 


At French control show, manu- 
facturers’ thinking is sophisti- 
cated, and some unusual designs 
promise new competition ahead. 


PARIS— 

Mesucora, France’s first instrument 
and control show (CtE, May 1961, 
page 39), wasn’t the crowd puller 
manufacturers had hoped for. <A 
parisian transportation strike and a 
four-day French holiday helped keep 
attendance below 80,000. One 
German visitor, however, blamed the 
closeness to Interkama, the German 
measurement show, for the attend- 
ance lag. He said, “Manufacturers 
can’t come up with new ideas and 
equipment for display with only five 
months between international shows, 
even in such a fast moving field.” 

Although the scant attendance was 
disappointing, the French control 
builders did get their chance to show 
off the capabilities of the French in- 
dustry as a whole. Some advanced 
thinking in computing control appli- 
cation and new approaches to hard- 
ware stood out as highlights of the 
show. 

PItem. In computer control, 
Société d’Exploitation et de Re- 
cherches Electroniques (SEREL) has 
already made four major installations 
of its solid state machine, one with 
twenty computers for the remote con- 
trol of a gas pipeline. 

P Item. Bearingless low speed ac 
motor has a rotor made of. a magne- 
tized cylinder mounted between two 
rubber tired rotating wheels. When 
the magnetized cylinder revolves at 
synchronous speed, the rubber wheels 
precess around the casing track at a 
slow speed proportional to the diame- 
ter difference between the wheels and 
the stator cavity. An elastic coupling 
converts the rotor center point epicy- 
cloid motion to a rotation. 

Pltem. Liquid mass flow trans- 
mitter with servocontrolled nozzles 
for automatic density correction 
measures with an accuracy of one 
percent over a 30:1 flow ratio. De- 
veloped by Etablissements Faure- 
Herman, it measures flow with a pulse 
generating turbine. Electronic integra- 
tion of the turbine pulses determines 
actual mass flow. ‘The automatic 
correction feature is built around a 
variable section tapered nozzle whose 
position upstream of the turbine is 
adjusted by a small servomotor. 

—Derek Barlow 
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NEW SIZE 8 SERVOMOTOR 
RESPONDS 3-TIMES FASTER 
These fast response Size 8's have a 
whopping acceleration of 86,500 rad/ 
sec2,..and feature torque at stall of 
0.22 oz. in., rotor inertia, 0.18 gm. cm.2. 
That's at least three times faster 
than any other Size 8’s available. 

The entire seckman® Size 8 line is 
available in standard models for 26- 
volt or 115-volt sources —Servo- 
motors, Inertia-Damps, Velocity 
Damps, or Servomotor Rate-Gener- 
ators (special models available for 
other voltages). For the servosys- 
tems man working with 115-volt 
reference supplies, this can mean 
an end to accessory gear that so 
often compounds reliability and cost 
problems. 

At the Breadboard stage? Several 
BECKMAN® Size 8 and Size 11 Servo- 
motors are available from stock for 
immediate delivery in prototype 
quantities. Check with your Helipot 
rep, write us for the list of stock 
Servomotors and for the Size 8 and 
11 Catalog. 
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* Ultra- 
sensitive 
relays 


BARBER if 
COLMAN i 


CIRCUITRY IDEA FILE 


The circuit drawing below indicates just one 


of the hundreds of ways many manufac- | 


turers utilize Micropositioner® polarized 





relays to solve complex control problems. | 


SERVOMECHANISMS APPLICATIONS 


Many remote positioning applications can | 


be solved by utilizing the Barber-Colman 
Micropositioner ultra-sensitive relay either 
as a null detector or a differential relay. 
In the circuit shown above, movement of 
the transmitting potentiometer introduces 
an error signal in Micropositioner coil P, 
which in turn energizes the positioning 
motor until balance is restored. Secondary 





| 


relays R; and Re operated by the Micro- | 
positioner handle larger loads. This circuit | 


can also be applied to synchronization . . . 
or the Micropositioner can be utilized in the 
output of an electronic servo control. 
Among the many applications for this sim- 
plified servo control relay are positioning of 
antenna rotators and tuning condensers. . . 
aerial camera mounts. . . valves . . . test 
cell apparatus. 

If your projects involve servomechanisms, 
why not make a test with a Micropositioner 
designed for circuits similar to that shown 
above? Write for Engineering Bulletin No. 9. 


BARBER-COLMAN 
MICROPOSITIONER® 
POLARIZED D-C RELAYS 


Operate on input 
power as low as 40 
microwatts. Avail- 
able in three types 
of adjustment: null 
seeking . .. magnetic 
latching ‘“‘memory” 
...and form C break- 
make transfer. Also 
transistorized types with built-in preampli- 
fier. Write for new quick reference file. 


BARBER-COLMAN COMPANY 
DEPT. S, 1848 ROCK STREET, ROCKFORD, ILLINOIS 
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AROUND THE BUSINESS LOOP 


Booming Common Market 
HELPFUL ATA FoR Your Tempts United Kingdom 


Still the most dynamic force in the international econ- 
omy, the European Economic Community continues to 
post impressive production gains and has again cut its 
internal tariffs ahead of schedule. Britain, increasingly 
uncomfortable on the outside, may be moving to- 


ward EEC membership. 


Among the topics probably dis- 
cussed by President Kennedy and 
British Prime Minister Macmillan 
during the President’s London visit 
last month was the chance for realign- 
ment of the western European coun- 
tries from their present economic 
split into “Sixes” and “Sevens”. 
Britain is becoming more interested in 
the idea of membership in the Inner 
Six, the European Economic Com- 
munity. The EEC, or Common 
Market, has shown spectacular growth 
since it was started: 
> Total Gross National Product 
increased 5 percent in 1959, the 
second year of the pact, and 7 percent 
more in 1960. 
> Rate of industrial production was 
up 7 percent in 1959 and a whopping 
12 percent last year. This is a 
greater growth rate than shown by 
any other non-Communist area, 
> Intracommunity trade grew 19 per- 
cent in 1959, another 25 percent in 
1960. It is this growth that has made 
the U.K. look enviously at EEC 
membership. 

Common Market leaders are so 
confident of the future (they predict 
a 5-percent GNP increase and at 
least a 6 to 7-percent rise in industrial 
production this year), that they are 
accelerating their original plans for 
intracommunity tariff integration. 
These tariffs were to have reached a 
level of 70 percent of their pre-EEC 
rates at the end of this year. Late 
last year the EEC commissioners 
voted to drop the barriers by another 
10 percent at the end of 1961. In 
May, however, the commissioners 
agreed to still another 10-percent 
tariff cut. This means that the tariffs 
will be at half their original rates by 
the end of this year—three years ahead 
of schedule. (For a description of the 
original plan see CtE, July ’59, p. 75). 

¢ Stumbling blocks—British partici- 


pation in the EEC will not be easy to 
arrange, however. The EEC goes 
much further toward trade integration 
than Britain and the other European 
Free Trade Area (Outer Seven) na- 
tions have favored. For instance, 
while it is aimed at reducing intra- 
area tariffs, the EFTA has no plan 
to change external tariff levels, as does 
the EEC. 

And Britain is committed to a 
policy of preferential tariff treatment 
of the other Commonwealth coun- 
tries—something that is contrary to 
Common Market policy. 

The EEC has more political inte- 
gration leanings. It has built up a 
large staff, and its treaty includes the 
establishment of legislative and 
judicial sections in addition to an 
administrative body. The EFTA has 
only a small administrative group. 

If Britain finally finds a way to join 
the Inner Six, it’s possible that other 
members of the Outer Seven would 
follow suit—making Europe one giant 
common market. 

¢ U.S. in the cold?—It still depends 
upon whom you ask whether the 
growth of the EEC and EFTA is 
hurting or helping U.S. trade. 
European leaders contend that the 
growth of the market groups requires 
more trade from abroad, and the EEC 
has made external tariff cuts and 
promised more if it receives similar 
treatment abroad. The U.S. shipped 
$3.4 billion in goods to EEC coun- 
tries last year, up $1 billion from 1959; 
and there was a balance of payments in 
favor of the U.S. of about a billion 
and a half dollars. But many U.S. 
businessmen complain of losing busi- 
ness to the cheaper labor rates and 
lower tariff walls in Europe. 

Many companies, control firms 
among them (CtE, Oct. ’60, p. 42), 
have sought to cash in on European 
trade without tariff penalties by build- 
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PIONEERING 


AT BELL TELEPHONE LABORATORIES 


In such an open field as this Dr. Karl Jansky of Bell 
Laboratories opened the way to radio astronomy. His 
search for a mysterious source of radio noise led him—and 
us—to the stars for our answer. 


Today Bell scientists continue their pioneering in many 
fields—among them the transmission of human voices on 
beams of coherent light. Bell Laboratories’ revolutionary 
Optical Maser foreshadows the use of light as a whole 
new medium of telephone, TV and data communications. 


These are but two of the many fundamental z 
advances which have come from breaking fresh 
ground at the world center of communications 
research and development. 





NEW BARTON 273 PNEUMATIC TRANSMITTER 
MEETS MORE APPLICATION REQUIREMENTS 
THAN ANY OTHER TRANSMITTER 


The Barton 273 offers the widest differential pressure ranges 
(0-8" w.c. to 0-400 psi), the highest safe working pressures (to 
10,000 psi), and the widest variety of housing materials (alu- 
minum, brass, steel, 316 stainless steel). It’s compact, weighing 
up to less than 12 the weight of other units. It has adjustable 
suppression up to 80% of DP range,and adjustable span. A 
non-bleed relay minimizes air consumption. It doesn’t shift 
zero on overrange. It’s unaffected by normal piping stress. In 
every respect, the Barton 273 is the most significant advance 
in pneumatic transmitters in the past decade. There’s a lot 
more you should know about it—for complete data write 


INSTRUMENT CORPORATION, 580 MONTEREY PASS ROAD, MONTEREY PARK, CALIFORNIA. 
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WHAT‘’S NEW 


ing plants there or entering into joint 
ventures with European companies. 

In an address delivered before the 
National Industrial Conference Board 
in New York in May, Dr. Walter 
Hallstein, president of the EEC Com 
mission, revealed what he called the 
“secret of the Common Market’s 
dynamism”. He said that ‘‘difficulties 
met on the way are a stimulus to 
greater consolidation.” This facility 
of the Common Market may face its 
strongest test if and when negotiations 
between the Six and Seven reach a 
serious stage. If thi§ “dynamism’’ is 
working, Europe—and all international 
trade—may be on the brink of a new 
era. 


Precision Instrument Exports 
Up 22 Percent in 1960 


U.S. firms exported precision in- 
struments at a record rate in 1960, 
according to figures released recently 
by the Business and Defense Services 
Administration of the Dept. of Com- 
merce. Export sales amounted to $337 
million, 22 percent more than in 1959. 

The export rise was proportionately 
higher than the increase in domestic 
shipments, which rose 15 percent in 
1960. The overseas market accounted 
for 7.5 percent of the total output; it 
was 7.1 percent in 1959. 

[he overseas market was also wider 
than in 1959. Instruments were 
shipped to 134 countries, four more 
than in the previous year. The leading 
markets were Canada, Japan, W. Ger- 
many, France, United Kingdom, 
Mexico, Italy, the Netherlands, Aus- 
tralia, and Argentina, in that order. 
[hese accounted for two-thirds of all 
exports. Sharpest gains were in’ west- 
ern Europe; W. German and U.K 
purchases rose by more than half. 


Census Sets Size of 
Nuclear Instruments Market 


How big the nuclear measuring 
instrument market really is has caused 
a lot of argument among control mak- 
ers who have eyed it as an area for 
diversification. The first burst of 
enthusiasm for atomic energy in the 
early 1950’s clouded actual sales 
figures and potential. By 1956, many 
companies had found the atom un- 
profitable, and the potential drastically 
reduced from optimistic estimates. 
Last month the Dept. of Commerce 
set some dimensions on this market. 
The department’s study showed the 
industry shipped about $46 million 
worth of instruments in 1959. 

These figures indicate that the 
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The totally new Brush Recorder Mark 200 made these incredibly crisp tracings. No other recorder in 
existence can match them. Note the line width. It never varies . . . regardless of writing velocity, regardless 
of chart speed. The writing mechanism is electrically signaled by the position-seeking “‘Metrisite’’ transducer 

. no parts to wear, infinite resolution, verifiable dynamic '2% accuracy. Traces are permanent, high- 
contrast, reproducible . . . on low cost chart paper. The Mark 200 has but three standard controls .. . 


attenuator, pen position, chart speed. Such fidelity, simplicity and economy are possible with no other direct 
writing recorder. Write for details 


... they’ll speak for themselves. —__brush INSTRUMENTS 


DIVISION OF 


3774 AND PERKINS | CLEVITE | CLEVELAND 14, OHIO 
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TO THE ENGINEER 
who wants to transfer 51 circuits simultaneously 


If you need simultaneous transfer of a large 
number of circuits without fail, take a look at 
AEF’s new WQA relay. It will do the work of 
four or more heavy-duty, general-purpose 
relays each with maximum spring pile-ups, 
and sustain 50 million or more operations 
without readjustment. 


In the WQA relay, all moving springs pass 
through holes in a unique actuating “card.” 
Moved directly by the armature, the card in 
turn actuates all the moving springs. This 
method of operation pre-establishes exact 
timing and sequence of all spring operations, 
and at the same time assures perfectly syn- 
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BASRRSERS, 


AE Series WQA 
Quick-Acting 
Wire-Spring Relay 


AVAL AL AL QUAL LEA 
QERBRARS! 
WAAL UVLUL UU 


AAR. 


AUWALAA 


WANS 


AANA AY 


chronized “break-before-make” on allcircuits. 
Contact capacities on WQA relays can be 
custom-tailored to your needs, with either 
one, two or three levels of contact assemblies 
available, each with a capacity of 17 Form C 
combinations. Other Forms available. 

Our circuit engineers will be pleased to work 
with you in adapting the WQA to your spe- 
cific design. Or, if you wish, they’ll take on 
the complete packaging job. 

If you’d like more information on the WQA 
relay, address your request for Circular 
1957 to: Director, Control Equipment Sales, 
Automatic Electric, Northlake, Illinois. 


AUTOMATIC ELECTRIC 


Subsidiary of 


GENERAL TELEPHONE & ELECTRONICS 


ee) 


CONTROL 


34 CIRCLE 34 ON READER SERVICE CARD ENGINEERING 





| WHAT’S NEW 


market has finally started to grow, and 
some of the most attractive gains are 
in the area of process control. In 
1956, for example, industrial instru- 
ments for gaging and process control 
accounted for practically nothing in 
the way of sales; in 1959 they repre- 
sented $6.6 million—14 percent of the 
nuclear instruments total. 

The study was prepared by the de- 
partment’s Scientific, Motion Picture, 
and Photographic Div. of the Busi- 
ness and Defense Services Adminis- 
tration. It showed there were 160 
companies engaged in the manufac- 
ture of nuclear measuring instru- 
ments, making devices ranging from 
inexpensive dosimeters (where 91,072 
units had a value of $967,000) 





Guaranteed accurate 
not only when it leaves our factory 


through all types of monitoring instru- 
ments, radiography equipment, count 
rate meters, and other detectors. 
Here is a rundown of the major instru- 
ment groups included in the survey: 





1959 NUCLEAR INSTRUMENT SHIPMENTS 





Units $1,000 





Area, personnel monitoring 
intruments * ats. ae 7,389 


Environmental monitoring 
instruments ..... oe 1,888 4,522 


Dosimeters, accessories* . 105,621 1,405 
Scalers , 4,297 2,878 
Amplifiers 5,422 3,220 
Pulse height analyzers rr 1,668 3,524 
Industrial instruments* .... 1,286 6,567 
Count rate meters*... ie 5,485 1,566 


Miscellaneous instruments, 
accessories * 167,641 13,395 





*Some data not included to avoid disclosing 
figures for individual firms. 


News of Companies 
In the Control Field 


General Precision, Inc. of Tarry- 
town, N. Y. and Motorola, Inc. of 
Chicago have formed a team to develop 
a new approach to automatic air- 
ground communications for expected 
requirements of the Federal Aviation 
Agency. The system would involve a 
tieup of automatic communications 
with the semiautomatic Data Process- 
ing Central developed by GPI. 


Gulton Industries, Inc., Metuchen, 
N. J., has acquired West Instrument 
Corp., a producer of precision tem- 
perature control devices. Gulton pur- 
chased the Chicago firm in a stock 
exchange involving about $2.8 million. 


Curtiss-Wright Corp., Wood-Ridge, 
N. J., has acquired the Abrams Instru- 
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but also after field recalibration 


You can recalibrate Seegers precision test gauges 
to their original accuracy of 0.10% FS over their 
entire pressure range. Simple screwdriver adjust- 
ment takes only a few seconds and requires no 
special tools or testing equipment. Only Seegers 
gauges have this true recalibration capability. 
Other product superiorities include Ni-Span C 
and stainless steel components, eye-ease green dial 
with white increments linear to +.001”, and bour- 
don bleed and flush valve as standard equipment. 
Write for a copy of our comprehensive technical 
bulletin. Seegers Instrument Company 
515 West Main Street, Barrington, Illinois 
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W&T MERCHEN WHAT'S NEW 


ment Corp. of Lansing, Mich., a 
manufacturer of radar cameras, auto 


matic timing controls, and other 

ONE DRY FEEDER electronic devices. C-W also has an 
nounced the formation of a new sub 

sidiary, Advanced Miniaturized Elec 

THAT DOES 4 JOBS tronics, Inc., in Needham, Mass. ‘Th¢ 

new outfit will do research and dc 

velopment work and produce proto 

tvpes of miniature circuit components. 


CBS Electronics, Div. of Columbia 
Broadcasting System, Inc., will con 
centrate in the future on semiconduc 
tors, microelectronic components, so 
phisticated electron tubes, and othe: 
products, but will discontinue its 1 
ceiving tube operations at its Danvers 
and Newburyport, Mass., plants. Ray 
theon Co. will purchase a portion of 
the CBS entertainment tube inven 
tory and continue customer service. 


: - a ' General Mills of Minneapolis, 
One Wallace & Tiernan Merchen Feeder is 's ; Minn., has decided to SAC the 
lets you perform three operations—solve organizations within the company en 
three feeding and metering problems: gaged in electronics and allied fields 
with two subsidiaries to form an Elec 
4 tronics Group. Included will be the 

1 Use it as a gravimetric feeder and assure a oe | former Mechanical Div., an Elec 
uniform feed of ounces to tons per hour. as tronic and Mechanical Defense Prod 

‘ ucts Dept., Balloon and Aerospace 

Systems Dept., Automatic Handling 


; Equipment Dept., Research Dept., 
2 Use it atte slave component controlled by and The Daven Co. and Magnaflux 
other equipment in blending processes. e 
; ~ 


Corp. subsidiaries. 
al Smith-Corona Marchant, Inc. has 
3 Use it as a master, and control slave feeders begun to market components to manu 
: facturers of data processing systems 
or pumps proportionately. I 1B SI 
The OEM products will include 
photoelectric readers, punches, and in 
Although compact, the Merchen gives big performance to match put/output typewriters. 
big demands. It feeds 3 lbs. to 90 tons per hour, accurate to — 
within +1% of set rate from minute-to-minute. Operating _ Bendix Corp. has established a new 
i‘ ‘ . ie Semiconductor Div. in Holmdel, N. J 
range is as high as 1000:1—gives you almost limitless versa- pee : : ; ; 
“1 Semiconductor device engineering and 
at production had been a part of the 
And the Merchen Feeder gives you a constant record of oper- company’s Red Bank Div. 
ation. The Merchen’s totalizer tells your material uggge story by 
at a glance Colorado Instruments, Inc. was re 


cently formed in Broomfield (suburban 
You get constant delivery of material regardless of density Denver) to design and produce elec 


changes. The Merchen handles solids to 142”-particle size, tronic digital recording instruments 
feeds fine and coarse particles intermixed. and image transmission systems. The 
" new company, to concentrate initially 
The Merchen can help you solve dry feeding problems. on the petroleum industry, was 
founded by Dr. Richard C. Webb, 
, Tr 3 st president of Colo- 
Write Dept. M-55.28. | founder and former president of Colo 

tado Research Corp. 


Guidance Technology, Inc. is the 


| new name for the Summers Gyroscope 
WALLACE & TIERNAN INC. Co., Santa Monica, Calif. The com 





25 MAIN STREET, BELLEVILLE 8, NEW JERSEY pany now manufactures guidance com- 
: ’ 


ponents and systems that are not 
| wholly gyroscopic. 
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POPULAR 


Call your Gp) rep today for a 
demonstration of one of these 


OSCILLOSCOPES 


Production or lab instruments— Simple to use, even for non- 
technical personnel — Moderately priced —Full 10 cm x 10 cm 
display — Automatic calibration waveforms— Low phase shift — 
Automatic triggering for optimum presentation—‘““Times-5” 
sweep expander magnifies trace, improves resolution. 


DC to 200 KC 


Models 120A/AR combine minimum controls with # automatic triggering 
for utmost speed, convenience. Horizontal amplifier dc to 200 KC; phase 
shift only + 2° to 100 KC. More X-axis information due to horizontal ampli- 
fier sensitivity control, with vernier, 5% accuracy. Balanced input on most 
sensitive ranges for low level work. Times-5 sweep expander, all ranges. 15 
calibrated sweep speeds, 5 ysec/cm to 0.2 sec/cm. Vernier, expander extend 
speed range 1 ,sec/cm to 0.5 sec/cm. 10 mv/cm sensitivity calibrated ver- 
tical amplifier, drift-free trace. 120A (cabinet) or # 120AR (rack), $450. 


DC to 200 KC-DUAL TRACE 


Models 122A/AR provide simultaneous two-phenomena presentation, are ideal for direct 
comparison of filter, amplifier output /input phenomena; vibration testing. Unique # front- 
panel automatic calibrator waveform switch. Twin vertical amplifiers operate independent- 
ly, simultaneously, differentially. Automatic triggering, automatic synchronization, single 
trace operation when desired. Sensitivity 10 mv/cm to 100 v/cm, 15 calibrated sweeps, ver- 
nier extension. Horizontal amplifier dc to 200 KC. # 122A (cabinet) or 122AR (rack) , $675. 


__DC to 300 KC -“BIG SCOPE” PERFORMANCE 


Models 130B/BR provide wide usefulness, simple operation and rugged dependability. 21 calibrated sweep 
times, 1 ,,sec/cm to 5 sec/cm. Vernier, expander extend range 0.2 y»sec/cm to 12.5 sec/cm. Twin hori- 
zontal and vertical amplifiers, phase shift + 1° to 50 KC; sensitivity 1 mv/cm to 125 v/cm. Balanced 
input on 6 most sensitive ranges. Common mode rejection 40 db. Stability 1 mv/hour after warmup. 
Triggering automatic, internally, line power, externally, 0.5 v or greater.  130B (cabinet) or 130BR 
(rack) , $650. 














Data subject to change without notice. Prices f.o.b. factory. 


HEWLETT-PACKARD COMPANY 
i ic] 1050H Page Mill Road Palo Alto, California, U.S.A. 
Thirteen Siete Cable “HEWPACK” DAvenport 6-7000 
vd oscilloscopes, Sales representatives in all principal areas 


HEWLETT-PACKARD S.A. 
de to 1,000 MC Rue du Vieux Billard No. 1 Geneva, Switzerland 
Cable “HEWPACKSA” Tel. No. (022) 26.43.36 cris 
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VIBRAMITE 


sensitive... 
yet rugged 


damped...yet with 
flat response 





| 


| 
| 


In fact, the new Vibramite pickup | 


is the only available damped unit 


with a flat response curve over its | 


entire operating range. 


It is also small in size, light in | 


weight ...and can be mounted in any 
desired position without adjustment. 





Check these specifications: 
Frequency range 20-2000 cps 
96.3 mv/in/sec. (Calibrated 
+1% at 100 cps into 2 
megohm load at 80°F) 
1” x 142" 
2.75 oz 
15 cps 
Eddy current 
(nominal .65 of critical) 


50 g maximum 
(minimum ltimited only by 
ing equipment) 


1000 g 











Low Natural Frequency and Hermetically sealed 
Types Also Available. Send For Bulletin 1128 


MB ELECTRONICS 


A DIVISION OF TEXTRON ELECTRONICS, INC. 
110] State Street, New Haven 11, Conn. 
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IMPORTANT MOVES BY KEY PEOPLE 


IBM Names New President; 
Other Changes Noted 


Albert L. Wil- 
liams, right, has 
become the new 
president of In- 
ternational Busi- 
ness Machines 
Corp., succeeding 
Thomas J. Wat- 
son, Jr., who has 
been elected 
chairman of the board. Williams had 
been executive vice-president of IBM 
since 1954. 

In another move IBM promoted 
Warren C. Hume to the presidency of 
its Data Processing Div. Hume suc- 
ceeds Gilbert E. Jones, who is now 
assistant to the president. Jones will 
be responsible for coordinating the 
firm’s activities in industrial process 
control. 

IBM has also promoted Jerrier -A. 
Haddad to vice-president and assistant 
general manager of the Data Systems 
Div. He had been general manager of 
the company’s Advanced Systems De 
velopment Div. Haddad’s appoint 
ment is sigmificant, since his thinking, 
aimed along the lines of information 
systems (see “Control Personality’, 
CtE, May ’61, p. 19), will now influ- 
ence the work of the division. Haddad 
replaces Dr. Charles R. DeCarlo, now 
director of education. IBM named 
George A. Kennard to succeed Had 
dad at ASD. 


Brown Heads GE’s 
Heavy Military Group 


Robert J. Brown 
has been named 
general manager 
of the Heavy Mili- 
tary Electronics 
Dept. by General 
Electric Co. The 
department, 
which handles 
ground and ship- 
board military electronics equipment, 
and is one of the company’s largest 
defense operations, is located in Syra- 
cuse, N. Y. Brown replaced John J. 
Farrell, now a consultant to GE De- 
fense Electronics Div. chief, Dr. 
George L. Haller. Brown had been 


marketing manager of the department. 


Jones Leaves Daystrom Systems; 
Miller, Others Shift 


Chalmer E. Jones has resigned as 
general manager of the Control Sys- 


tems Div. of Daystrom, Inc. to form 
his own organization. Paul G. Miller, 
who had been assistant general man- 
ager of the La Jolla, Calif., division, 
has moved into the vacated position. 
Jones’ leaving was followed by what 
Daystrom Systems called a “reorgani 
zation of the marketing, engineering, 
and analysis departments”. In this 
complete realignment, James S. Burr 
was named to replace John A. Palmer 
as marketing manager, and Dr. Charles 
Taylor was made technical staff assist- 
ant to Miller. Bruce Baldridge was ap 
pointed manager of systems analysis. 
Emmanuel J. Otis remained in his 
post as manager of engineering, but 
his department functions have been 
changed to include application. 


Other Important Moves 


Robert W. Landee has become a 
vice-president of Electrada Corp., Cul- 
ver City, Calif. Landee was director 
of research and development for the 
Western Div. of Collins Radio Co. 


William G. Zaenglein, execrtive 
vice-president of Clary Corp. for the 
past three years, has become president 
of the San Gabriel, Calif., company. 
He succeeds Hugh L. Clary, the com- 
pany’s founder, who has taken the 
post of board chairman. John G. 
Clary, son of the elder Clary, who was 
vice president of manufacturing, has 
taken over Zaenglein’s post. 


Warren H. Chase, vice-president of 
Ohio Bell Telephone Co., will take 
office August 1 as president of the 
American Institute of Electrical En- 
gineers. His election was announced 
at the AIEE’s annual meeting held last 
month at Cornell University. 


Rawson Bennet (Rear Adm., USN, 
R~.) has joined Sangamo Electric 
Co. as senior vice-president, a post 
that will make him top engineering 
executive with the Springfield, IIl., 
company. Before his recent retirement 
from the Navy, Admiral Bennet was 
chief of naval research. 


Dr. I. H. Swift has become director 
of the Information Systems Laboratory 
at North American Aviation, Inc.’s 
Space and Information Systems Div. 
in Downey, Calif. 


Dan L. McGurk, formerly director 
of marketing, has become associate 
general manager of TRW Computers 
Co., Div. of Thompson Ramo Woold- 
ridge, Inc., Canoga Park, Calif. 
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INLAND d-c torque motors 
Save critical weight 


in guidance systems 





Norden Miniature All-Attitude Inertial Plat- 
form uses four Inland torque motors, one for 
each gimbal axis. 

« Norden specifies these Inland d-c torque 
motors because of their compact pancake 
shape, low-power input and direct torquing. 
In addition to providing the obvious weight 
and space reduction, Inland’s direct drive 
positioning eliminates gear train problems 
such as backlash. 

Norden engineers say, ““The linearity of 
the Inland torquers is excellent over a wide 
range so that precession rates may be ac- 
curately established. The torquer fixed field 
is carefully stabilized so that the torquer 
gradients will be constant over long periods 
of time.” 

Inland d-c pancake torque motors with 
high torque-to-inertia ratios and linearity 
of output provide all the advantages of 
direct gearless servo positioning in a com- 
plete line over the full range of 0.1 to 3,000 
pound-feet. 


COMPARE THESE TYPICAL INLAND TORQUER RATINGS 








cca: earmmaneanraanes 
" T-1321-A T-2136-A T-2108-B 


aah Damen Me sss: <xcemeoatintana pee.) ' 35:6 “60.0 
Volts at peak torque, stalled at 250°C..................... ‘ J ; 25.6 
Amps at peak torque . ; . 1.24 
Total friction, oz. in ‘ . , v 1.5 
Rotor inertia, OF. iN SOC*. ...... cco eecesccessecesecee ds ‘ \ : O11 
AERO Se RS eee agree pene oat tier ee 4 e J 14.0 
Dimensions (inches):—O.D... 0.2... cece cece eel J : F 2.81 
Thickness 2 : } 1.00 


5 A IEA em = 8 oh SAREE Bry MENACE FARMER 








For complete catalog with engineering data, outline drawings and specifi- 
cations on these and other Inland d-c pancake torquers, write Inland 
Motor Corporation of Virginia, Northampton, Massachusetts. Dept. 5-7. 


I/F INLAND MOTOR 32°73R7i0% 


A SUBSIDIARY OF KOLLMORGEN CORPORATION 
NORTHAMPTON, MASS. 
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Whats your problem? If you can solve it with a 








she 


New Cutler-Hammer operator options provide top flexibility... 
world’s best oiltight limit switch 


For any use, anywhere, in any position . . . you just 
can’t buy a more reliable, longer-life switch. No 
other switch is sealed more effectively . . . effective- 
ness we’ve proved under test conditions so rugged 
they will never be equaled in actual service. Even 
the silver-to-silver contacts are visible for quick in- 


spection. For full details on this complete new line, 
write for Pub. ED-145-N227. 

For any electrical control problem, contact your 
local Cutler-Hammer sales office or distributor. 
They'll supply you with the finest electrical com- 
ponents, the finest service and technical help. 


























Con TROL 











limit switch, your best answer's here! 


WHAT’S NEW? ASK... 


CUTLER-HAMMER ua, 


Cutler-Hammer Inc., Milwaukee, Wisconsin « Division: Airborne instruments Laboratory e Subsidiary: Cutier 
Hammer International, C. A. ¢ Associates: Cutler-Hammer Canada, Ltd.; Cutier-Hammer Mexicana, S, A 
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m Gathers automatically 
® the information the 
™§ operator needs to 

© supervise the plant. 


Alarms off-limit quantities... 
automatically warns when an 
. unsafe value occurs and logs all 
* points exceeding pre-set limits. 


NEW GENERAL ELECTRIC 
COMPUTER SYSTEM 


designed solely for electric utility 
steam power plant data processing 


HERE’S HOW GENERAL ELECTRIC’S ADVANCED DESIGN 
SYSTEM LOWERS OPERATING AND MAINTENANCE COSTS... 


GARDE is General Electric’s process steam plant data processing. The 
computer system designed especially to GARDE system gathers, alarms, reports, 
meet the problems and needs of electric displays, and evaluates data from several 











hundred inputs located throughout the 
plant. It warns of abnormal deviations in 


those process conditions which cause 
equipment stress and inefficient opera- 
tion. Early detection of these saves 
dollars in equipment maintenance and 
increases operating efficiency. 

In addition, the GARDE system checks 
itself—detecting faulty sensors and other 
components, Its continuous reports are 
invaluable in periods of rapid opera- 
tional changes. One of its provisions 
guides the operator through complex 
plant operating routines, helping him 
avoid errors and resultant equipment 
outage. 
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ays... continuous 
visual display of any input 
or computed value that 


GARDE system evaluates these key 
plant operations: Boiler efficiency « Tur- 
bine Generator Heat Rate «+ Station 
Heat Rate * Correction of Heat Rates 
to Bogey Conditions * High Pressure 
and Intermediate Pressure Turbine 
Efficiency * Feedwater Heater and 
other Equipment Performance + Con- 
denser Performance. 
General Electric was able to design the 
GARDE system because it leads all 
manufacturers in process computer sys- 
tems installed or ordered by the utility 
The near-million man-hours of 
application and research in its design 
were spent in implementing systems for 


users. Out of this experience, came the 
GARDE process computer system. 


Investigate this newest development in 
data processing for steam plants—con- 
tact your nearest General Electric Appa- 
ratus Sales Office or Process Computer 
Section, Industry Control Department, 
P.O. Box 2918, Phoenix 


In Canada, contact Canadian General 
Electric Apparatus Sales Department, 
Peterborough, Ontario. 


Arizona. 


Outside the U.S. and Canada, contact 
International General Electric, 150 East 
42nd Street, New York 17, New York. 


Progress ls Our Most Important Product 
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TUNG-SOL 
HIGH 
PERFORMANCE 


GENERAL PURPOSE 
MINIATURE COMPUTER TRIODE 


1719 


Directly replaces paraflel-connected 5965 and 7062 twin-triodes 
while providing these added advantages for designers of com- 
puter circuits: 


e Higher transconductance @ Very sharp cut-off 


e Much higher plate @ Linear transfer 
dissipation characteristics 


e Very high perveance e Improved reliability 


The Tung-Sol 9-pin miniature 7719 general purpose triode is 
the latest addition to the Tung-Sol family of top-rated, high- 
reliability tubes for computer service. Rated at 6 watts plate 
dissipation, the 7719 incorporates many design and construction 
features which assure computer users the maximum number 
of hours of trouble-free peak performance. 








CHECK THESE ADDITIONAL BENEFITS: 


* Freedom from cathode interface and reduced electrical leak- 
age ... Achieved through use of a passive cathode alloy and 
lower heater power per unit area. 


Minimization of grid emission . . .The 7719 is designed with 
heavy grid support wire and a double connection to the grid 
for cooler operation allowing use of 1 megohm grid circuit 
resistance. 

High stability . . . Use of heavier stock plate material assures 
more even distribution of heat and lower plate temperature. 
Cool operation further guaranteed by pod cathode and low 
bulb temperature (175°C at 6 watt dissipation). 

Very little ‘‘island’’ formation . . . Optimized geometr 
minimizes island formation thereby providing sharp cut-off, 
linearity and high perveance. 


Typical applications of the 7719 are found in totem pole 
amplifiers to drive function-generating potentiometers, cathode 
followers, and multivibrators. Full socknieal details on the 7719 
are available immediately on request. 





RATINGS 
Heater Voltage (Series) 12.6+0.6 
Heater Voltage (Paralie!) 6.3+0.3 
Maximum Pilate Voitage 330 
Piate Di 6.0 
Maximum DC Cathode Current 40 
Maximum Heater—Cathode Voltage: 
Heater Negative With Respect to Cathode 
Total DC and Peak 200 
Heater Positive With Respect to Cathode 
oc 
Total DC and Peak 
Maximum Bulb Temperature 


(s) TUNG-SOL 


Technical assistance is available through: Atlanta, Ga.; Colum- 
bus, Ohio; Culver City, Calif.; Dallas, Texas; Denver, Colo.; 
a, Mich.; a N. J.; Melrose Park, Ill.; Newark, 
N. J.; Philadelphia, Pa.; Seattle, Wash. In CANADA: Abbey 
Electronics, Toronto, Ont. 
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INERTIAL 
COMPONENTS 


NORDEN O/MBAL iy ASSEMBLIES 


MATCHED COMPONENTS IN ONE PRETESTED PACKAGE, READY FOR INSTALLATION 


Originally conceived fer 
Norden’s miniature, all- 
attitude 20-pound plat- 
form .. . and flight-tested for 
15 months. Now in pro- 
duction and available on 
short delivery. 


Now you can specify compact, pretested packaged 
torquers and pick-offs, designed to the gimbals of your 
inertial system. Save valuable design manufacturing and 
testing time while retaining high reliability and precision 
of the system. Assemblies consist of either torquer or pick- 
off, slip rings and brushes, and high quality ball bearings. 
These units offer these distinct advantages: 


e All parts are selected and preassembled 
to operate as an integrated mechanism. . . 
in contrast to the field assembling of vari- 
ous subcomponents. 


Assembly is prealigned; bearings are pre- 
tested. 


Your eventual application is simu- 
lated by factory test. 


Models are now in hardware—can be 
shipped ready for installation. 








MECHANICAL CHARACTERISTICS 
Slip Ring Data 
(common to synchro, a-c torquer and d-c torquer) 
Number of circuits 
Voltage Rating (Hi-Pot) (400) 
Continuous 
Current Capacity (d-c) 
Noise Level (10rpm) 


sin a 

500 volts 

120 volts 

500 ma 

50 microvolts max. 

Bearing Data 

(common to synchro, a-c torquer and d-c torquer) 
Ball Bearing Radial Static Capacity 
Ball Bearing Thrust Static Capacity 


300 Ibs. 
570 Ibs. 


TYPICAL SYNCHRO GIMBAL PIVOT ASSEMBLY 
Input Voltage (to rotor) 26 volts, 400cps 
SE SI viva cow's aniacece 0.5 watts 
Accuracy (max. error from E. Z.) +3 minutes of arc* 
*+1.25 minutes of arc can be supplied 


TYPICAL DC TORQUER GIMBAL PIVOT ASSEMBLY 
Type permanent magnet, fixed field 
Peak Torque 5 oz-in. 
Resistance 110 dhms 
Max. input for linear operation 50 volts 
Power Input at peak torque 8.5 watts 


TYPICAL AC TORQUER GIMBAL PIVOT ASSEMBLY 
Fixed Phase Control Phase 

($1-S2) (S4-S5) 

26 volts 52 volts 
Frequency....... fecha 60cps 60cps 
Power Input at Stall 8 watts 8 watts 
Stall Torque at Max. Power Input. . 3 oz.-in. 


Voltage 











For further information including complete specifications, perform- 
ance data and dimensions, call TEmple 8-4471 TWX NWLK 21, or write 


division of UNITED AIRCRAFT CORPORATION 


NORWALK, CONNECTICUT 


JULY. 1961 
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Snap action contacts. 
SPNO or SPNC contacts 
available with isolated 
or common connection 





RBM 


bi-metal thermal 
Time Delay Relays 





yy,” quick-connect 
terminals for 


Ambient compensation 
heater and contacts 


























2, 3 or 4 terminals 


The RBM Type 59 is a single pole control available for 
a variety of applications requiring a fixed delay in opening 
or closing. Typical of these are air conditioning and re- 
in - frigeration equipment, appliances, sequencing controls and 
h hi | bl thermal time delay applications. The two bi-metal strips, 
1g y re la e identical in composition, are mounted so that during am- 
bient temperature changes they compensate each other 

and maintain their relative position. 


low cost sadiiliios 


Delay range—5 to 60 seconds 
Time tclerance—30 to 50% considering max. and min. voltage 
Ty e 59 rela variations. 
Pp y Operating heater volts—24, 115, or 230—50/60 cycle A.C. 
Contact rating—3 amps—115 volt 60 cycle A.C. inductive. (Can 
be furnished for larger loads. Consult factory with details of ap- 
plication). 
WRITE FOR BULLETIN TTD-59 


rR a=} M1 Controls Divis tow 


ESSEX WIRE CORPORATION, LOGANSPORT, INDIANA 


Fact Tale Mm @holers tats olela eum bale ir:| 
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Model 860-1500P — handles low level DC- data 
Signals in the presence of high commen mode 
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Model 658-3400 — drives high frequency optical 
galvanometers to 5 KC 


—€ Ce ll 


6)'-@®'-®'* © 


Sov - 
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COMPACT 7” HIGH 8-CHANNEL UNITS ARE COMPLETELY TRANSISTORIZED, HAVE FLOATING INPUT ISOLATED FROM OUTPUT 


Sanborn precision amplifiers 


W Data Preamplifier — Model 860-1500P 


Designed for precise, economical amplification of signals 
with source impedance of zero to 10,000 ohms, such as 
thermocouples, strain gage bridges, etc. in presence of 
severe ground loop noise, and for driving digital voltmet- 


ers, scopes, tape recorders and similar devices. Each 
plug-in unit is only 2” x 7” x 14'2" deep; 64 channels with 
blower require only 60” of rack-panel space. Separate 
868-500 Power Supply required for every 8 preamplifiers. 
Power consumption 2.5 watts per channel. 


Noise 
Gain 


3 uv peak-to-peak 


100 (10 mv in gives 1 v out) (Model 
860-1500PA with gain of 1000 also 
available) 


W Optical Galvanometer Amplifier — Model 658-3400 


Eight channels of amplification and common power supply. 
Each channel provides for sensitivity, compensation, 
damping and current limiting. Inputs floating and guarded, 
impedance 100,000 ohms on all ranges. All amplifier ele- 
ments except output transistors are plug-in assemblies. 


Sensitivity +10 mv input gives + 400 ma output 
into 20 ohm load (max.). Eleven atten- 
uator steps to X2000 in 1-2-5 ratio, 
smooth gain control. 

Common Mode 


+ 600 volts, max; rejection 140 db min 
Performance 


at DC. 


Gain Better than 1% to 50°C and for line 


Output 


Linearity 
Common Mode 
Performance 


Input 
Impedance 


Gain 
Stability 
Drift 


Rise Time 


+ 1 v across 300 ohms, DC-70 cps; +1.5 
v to 40 cps. Output impedance 100 ohms. 
(10 v across 10K available on special 
order.) 


+ 0.1% of full scale output (2 v) 


120 db rejection at 60 cps, 160 db at 
DC, with 5000 ohms unbalance in source. 
Inphase tolerance 220VAC. 


Greater than 200,000 ohms 
+ 0.1% for 24 hours 


+ 2 uv referred to input 
to 99.9% less than 25 ms 


Stability 


Frequency 
Response 


voltage variation from 103-127 volts. 


0 to 5 KC within 3 db; can accomodate 
wide range of galvanometers. 


Output Output networks available for wide 


range of galvanometers. 
Power 125 watts for 8 channels. 


Consumption 


Your Sanborn Sales- Engineering Representative (offices 
throughout the U. S., Canada and overseas) will pro- 
vide detailed information and application assistance. 
Call him or write plant in Waltham, Mass. 


Sew 


SAN BORN CcConmPANY 
INDUSTRIAL DIVISION 
175 Wyman Street, Waltham 54, Massachusetts 
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having rare longevity 


This small, 4-pole relay has the happy faculty of maintaining its original operating 
tolerances over an exceptionally long life. Example: tests (by customers!) show this 
relay has variations in electrical characteristics of less than 5% after more than 100 
miltion operations. 

But that's far from all. This is a smai/ reJay . . . about a one inch cube. This relay 
is easy to install using the conveniently spaced solder lugs or a socket. Thus you 
save time and production costs. This relay is versatile . . . its 4PDT contacts will 
switch loads from dry circuit up to 3 amperes. This relay—well, why not order samples 
and see for yourself! Order today from your P&B representative or call us at Fulton 
5-5251, in Princeton, Indiana. 
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KHP SERIES SPECIFICATIONS 

CONTACTS: 

Arrangement: 4 Form C, 2 Form Z. 

Material: %)” dia. Silver standard. Silver cad- 
mium oxide and gold alloy availabie. 

Rating: 3 amps @ 30 volts DC or 115 volts AC 
resistive for 100,000 operations. 

COILS: 

Resistance: 11,000 ohms max. 

Temperature: Operating Ambient: —45°C. to 
+70°C 

Power: 0.5 watts min operate @ 25°C. 0.9 
watts nom. @ 25°C. 2.0 watts max. @ 25°C 

TIMING VALUES: 

Nominal Voltage @ 25°C. Max. Values 
Pull-in time 15 ms 
Drop-out time 5 ms 

INSULATION RESISTANCE: 1500 megohms min. 

DIELECTRIC STRENGTH: 


500 Volts RMS 60 cycles between contacts. 
1000 Volts RMS 60 cycles between other elements. 


MECH. LIFE: In excess of 100 million cycles. 


SOCKET: Solder lug or printed circuit terminals. 
Available as accessory. 


DUST COVER: Standard. 
TERMINALS: Solder lug and taper tab. 


KHP SERIES RELAY NOW AVAILABLE AT YOUR LOCAL ELECTRONIC PARTS DISTRIBUTOR 


POTTER & BRUMFIELD 


DIVISION OF AMERICAN 


IN CANADA: 


MACHINE & FOUNDRY COMPANY @ 


PRINCETON, INDIANA 


POTTER & BRUMFIELD, DIVISION OF AMF CANADA LIMITED, GUELPH, ONTARIO 
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AMP assures dependable programming per- 
formance with a patented double-wipe action 
which brightens contact surfaces . . . scrubs 
them clean of current-killing contaminants 
beyond the final contact operating point to 
provide a cleanly wiped contact area. This 
allows AMP systems to achieve .090” of wiping 
action with only .060” of pin travel after first 
contact with spring. 

In addition to this ‘‘move that counts’’ AMP 

patchcord programming systems offer these 

features: 

PATCHBOARDS 

(Universal and Shielded types) 

e Choice of general purpose boards in phe- 
nolic or diallyl-phthalate, and shielded types 
for critical low-level applications. 

e Removable patchboard permits easy stor- 
age of predetermined wiring programs. 


PATCHCORD PINS 

e Pins compression-crimped onto conductor. 

e Extended nylon sleeves act as insulation 
for pins, and provide proper seating of pins 
in board with positive detent action. 

CONTACT SPRINGS 

@ Unique chevron design and 45° twist per- 
mit amplified contact pressure and wiping 
action . . . assure longer life. 
Contact springs are self-aligning and are 
locked in rear board. 
Provide receptacles for taper pins to facili- 
tate equipment wiring. 


AMP’s NEW Patchboard Programming Catalog has all the information you need. Write for it today! 


AMP INCORPORATED 


GENERAL OFFICES: HARRISBURG, PENNSYLVANIA 


AMP products and engineering assistance are available through subsidiary companies in: Australia « Canada « England « France « Holland « Italy « Japan * Mexico « West Germany 
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oreater derating margin 


for higher reliability...at lower cost 
than lower rated type 


Westinghouse 2N1015 and 2N1016 transistors— 
Circuits which use power transistors can be upgraded in 
reliability by changing to the Westinghouse 2N1015- 
2N1016 series. The low saturation resistance and high 
dissipation rating (150 watts) of these transistors mean 
cooler operation—more safety factor in service. In fact, 
the 2N1015-2N1016 series offers twice the derating 
margin you can get in competitive types. Their high 
voltage ratings—up to 200 volts V-e—also mean an end 
to series connections of lower rated types. Yet all this is 
yours at less cost than you are now paying. 

Inaddition to these many circuitadvantages, the2N1015- 
2N1016 transistors give you the reliability assurance of 





Po Sst Se ek “ . 
True Voltage Ratings verified by 100% Power Testing 
under full operating conditions. You also get the advan- 
tages of reduced inventory, and the convenience of 
single-source purchasing. Next time you buy transistors 
in the 2N1015-2N1016 family make sure they're 100% 
power tested. You can be sure... if it’s Westinghouse. 
For complete information, write or call: Westinghouse 
Electric Corp., Semiconductor Dept., Youngwood, Penna. 
$C-1042 


Westinghouse 
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For “off the shelf” delivery, order from these Westinghouse Distributors : 


EASTERN 
ACK SEMICONDUCTOR, INC 
Birmingham 5, Ala_/FA 2-0588 
CAMERADIO Pittsburgh, Pa./EX 1-4000 
CRAMER ELECTRONICS, INC 
Boston, Mass./CO 7-4700 
ELECTRONIC WHOLESALERS, INC 
Melbourne, Florida/PA 3-144] 
GENERAL RADIO SUPPLY CO., INC 
Camden, N. 3./WO 4-8560 
GENESEE RADIO PARTS CO. 
Buffalo, N. Y./DE 9661 
KANN-ELLERT ELECTRONICS, INC. 
Baltimore, Md_/TU 9-4242 
MILGRAY ELECTRONICS 
New York, N. Y_/RE 2-4400 
RADIO & ELECTRONIC PARTS CORP. 
Cleveland, Ohio/UT | -6060 
SCHWEBER ELECTRONICS 
Long Island, N. Y_/Pi 6-6520 
Silver Spring, Md_/JU 5-7023 





MIDWESTERN 
ELECTRONIC COMPONENTS FOR INDUSTRY CO 
St. Low, Mo_/WO 2-9917 
HALLMARK INSTRUMENTS CORP 
Dallas, Texas/Ri 7-8933 
INTER-STATE RADIO & SUPPLY CO 
Denver 4, Colo./TA 5-8257 
LENERT CO. Houston, Texas/CA 4-2663 
RADIO DISTRIBUTING CO. Indianapolis, ind_/ME 7-5571 
SEMICONDUCTOR SPECIALISTS, INC 
Chicago, 1!_/NA 2-8860 
Detroit, Mich_/BR 3-2900 
Cincinnati, Ohio/MA 1-6530 


S. STERLING CO 
UNITED RADIO, INC 


WESTERN 
ELMAR ELECTRONICS 
HAMILTON ELECTRO SALES 


Oakland, Calit_/TE 4-3311 


"Los Angeles, Calif /BR 2-9156 
NEWARK ELECTRONICS CO. Inglewood, Callf_/OR 4-8440 
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NO STEPPING SWITCHES IN THIS 
ULTRA-RELIABLE DVM: Cubic announces a new 


digital voltmeter design that eliminates stepping switches and, with them, the 
need for periodic maintenance. The new Cubic V-70 uses the same ultra-reliable 
reed relays developed for submarine cables. These reed relays are sealed in glass 
and have practically unlimited life. They are noiseless and completely unaffected 
by operating position. 

Accurate: The V-70 reads any d-c voltage from 0.001 to 999.9 volts with an 
absolute accuracy of 0.01% plus or minus 1 digit. The Cubic V-70 Digital Volt- 
meter provides these and other premium features at a cost of only $1,580. 
For details, write to Dept. CT-106, Industrial Division, Cubic Corporation, San 
Diego 11, Calif. (in Europe: Cubic Europa S.p.A., Via Archimede 185, Rome). 


Cubic manufactures a complete line TN ° 

of quality digital instruments, Cu bic 
including a-c and d-c voltmeters, & |} CORPORATION 
ohmmeters, ratiometers, scanners — 
and printer controls. 


INDUSTRIAL DIVISION 


SAN DIEGO, CALIF., U.S.A. ROME, ITALY 


ENGINEERING 
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This planar microdiode could help a designer make a new reputation. Here are the param- 
eters of a ‘‘big'’ planar diode...but this is the first and only planar diode available in 
micro-size. g You get the high-reliability advantages of planar structure in a package 0.080” 
by 0.045”...microdiodes which have passed 10-day JAN humidity test cycles and ionic salt 


immersions with no degradation of electrical parameters...true surface passivation only 
available from General Instrument’s unique Molecular Shield’ process. « Here is instant 


availability of a full line of planar microdiodes for computer and general purpose design, in 
any quantity, either as individual devices or pre-assembled as complete nanocircuits in 
standard TO-5 cans (up to six diodes per can). » For full information on General Instrument 
microdiode types MD 4, 6, 8 and 10 call the sales office or franchised distributor nearest you. 
In addition, the same reliability benefits of true passivation planars are available in General 
Instrument's microtransistors. Write today to General Instrument Semiconductor Division, 
65 Gouverneur Street, Newark 4, New Jersey. 


Typical Nanocircuit Assemblies Available in TO-5 Packages... 


NC-1. Six Diode Assembly 


GENERALINSTRUMENT SEMICONDUCTOR DIVISION 
GENERAL INSTRUMENT CORPORATION 


TYPICAL SPECIFICATIONS 
@ 25°C. 


8 Max. power dissipation: 
250 mw. 

®@ Reverse Recovery 
JAN 256 ckt 
100 Kohms in 0.3 wsec 
switching from 5 ma 
forward current to 40v 
reverse voltage. 

® BDV: 100v; continuous 
working voltage: 80v. 

@ Average rectified current: 
75 ma DC. 

8 Minimum forward current: 
20 ma DC @ lv OC. 

® Reverse current: @ 80v DC; 
0.005 na, 5 wa @ 150 C. 

@ Storage and operating 
temperature range: 
—65°C to + 150°C. 


ACTUAL SIZE 
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Complete 


RCA 








MEMORY SYSTEMS 


with specified extra wide safety margins 


Standard or custom systems, incorporating 
RCA ferrite and semiconductor devices, are 
designed, built, andtested bymemory-circuit 
specialists—at RCA’s newly expanded mem- 
ory products operation in Needham, Mass. 


Here is the new answer to memory-system 
design and production, offering new lati- 
tude to the computer engineer, new solu- 
tions to your system production problems 
—complete RCA Memory Systems. De- 
signed and produced by RCA from ferrite 
cores to entire packaged systems, these 
precision units are pre-tested to broad 
operating limits and are delivered ready 
for immediate use in computer designs. 


The Most Trusted Name in Electronics 
RADIO CORPORATION OF AMERICA 


Here are some of the outstanding features 
of complete RCA Memory Systems: 


e Specified Wider Margins of Operations 
..Up to 8 percent...to cope with broad 
variations in power levels. 

e Custom Design Service...RCA’s engi- 
neering staff will custom-design a memory 
system to your specifications. 

e Superior Reliability...Components and 
circuits proved by the long, dependable 
service of over 100 systems now in use. 

e Complete Information Retention. ..even 
in case of full power loss. 

e Wide Temperature Range...0°C to 50°C. 


For Systems Engineering Service—Call 
your RCA Office. For technical informa- 
tion write RCA Semiconductor and Ma- 
terials Division, Commercial Engineering, 
Section G-56- NN, Somerville, N. J. 


RCA SEMICONDUCTOR & MATERIALS Tr FIELD OFFICES. 
. HU 5-3900 « Syracuse 3 N. 
, 64 


Brood St 
Needham Heights 94, Mass 
Center Bidg., TR 5- 5600 » 


*M haneapetis, Minn. 


FL 7-8167 « GOV'T.: 


on, 
K"' Street, N.W., FE . 8500 


RECENT RCA MEMORY SYSTEM SHIPMENT 


Capacity 
Speed 


Modes of 
Operation 


Reliability 


4096 words, 18 bits per word. 

Complete Read-Write cycie time of 5 
usec. 
Read-Regenerate/Read-Modify/Write- 
Only. 

Acceptance tests made with all power 
supply voltages varied both plus and 
minus 5 percent from their nominal 
values while the system is being tem- 
perature cycled. 


STANDARD RCA MEMORY SYSTEMS 


Capacity 
Speed 


Modes of 
Operation 
Reliability 


or Bivd. « WEST: Los Angeles, Colif., 
El Camino Rea!, OX 7-1620 « SOUTH: Orlando, Fic., 
* SOUTHWEST: Dollos 7, Texas, 
4 N. Wilkinson St., 


731 Jomes St., 


512 to 4096 words; 6 to 32 bits per word. 
Complete Read-Write cycles times 5 to 
2 usec. 

Read-Regenerate /Read-Modify/Write- 
Only. 

Acceptance tests made with all power 
supply voltages varied both plus and 
minus 8 percent from their nominal 
values while the system is being tem- 
perature cycled. 


.- East: Newark, N. J 


CONTROL 








Room 402, GR 4-559] » NORTHEAST: 
i 4-7200 » EAST CENTRAL: Detroit 2, Mich., 
CENTRAL Chi cago, 1H. 
~ 5805 Excels 
RA 3-8361 ¢ Bur lingame, Colif., 1 
Edgew Oe, pee GA 4-4 


714 New 
, Suite 1154, Merchondise Mart Plaza, WH 4-2900 
6355 E. Washington Bivd., 
1520 
7905 Empire Freeway 

BA 6-2366 « Washington, D.C., 1725 


ENGINEERING 


Navigating with cross-staff and primitive 
compass, Prince Henry's Portuguese pi- 
lots took more than 80 years to find a 
route around Africa and reach India. The 
Spaniards took another 20 years to cross 
theAtianticandreachtheshoresof Florida. 


Today, missile-borne inertial guidance 
can navigate such distances in a matter 
of minutes and pin-point targets nearly 
half-way around the world. Other advan- 
tages of inertial navigation are immunity 


JULY 1961 


navigates new routes 


to outside interference, all-weather capa- 
bility, salvo firing, and a minimum of 
ground equipment. 


Arma, designer of America’s first iner- 
tial guidance of intercontinental range 
accuracy, has these systems in full pro- 
duction with on-schedule deliveries. Al- 
though specified for the Atlas missile, the 
Arma system is equally adaptable to other 


aerospace programs and space explora- 
tion projects. 


At Arma, research programs currently are 
exploring smaller, supersensitive devices 
for future generations of missile and space 
guidance systems. Arma, a division of 
American Bosch Arma Corporation, Gar- 
den City, New York... . The future is our 


business. 6321 


AMERICAN BOSCH ARMA CORPORATION 
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CONVERSION 


The McDonnell TAPE* automatically pre- 
pares punched tape. TAPE’s logic circuitry 
electronically analyzes word-group and numeri- 
cal keyboard commands and converts them to 
complete coded programs. Punching mecha- 
nisms instantly deliver the finished tape. 
Editing, verifying, duplicating or correcting is 
accomplished quickly and automatically. 


TAPE Slashes Time and Costs 


Programming time, operator training, schedule 
delays, as well as large computers, key punches 
and other peripheral equipment are eliminated. 
Small size permits installation in laboratories 
or wherever finished tape is used. Unskilled 
operators learn to use TAPE in minutes. The 


McDonnell TAPE has demonstrated the capa- 
bility to prepare 25,000 feet of perfect tape at 
less than half the cost and in less than one- 
third the time required to prepare the same 
tape with the best standard computer prepa- 
ration method available. 


A prototype McDonnell TAPE is operating 
which prepares tape for the AN/GJQ-9 missile 
and aircraft automatic checkout system. Minor 
modification readily adapts the keyboard and 
logic circuitry to tape preparation require- 
ments of other industrial and military 
operations. 


Whatever your punched tape requirements, 
you are invited to visit McDonnell and oper- 
ate TAPE. 


For descriptive literature, write: 


*Tape Automatic Preparation Equipment 
q 


Electronic Equipment Division 
Dept. 952 
McDonnell Aircraft, St. Louis, Missouri 


MCDONNELL 


ELECTRONIC EQUIPMENT DIVISION 


Radio Beacons * 
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Airborne Antennas * System Trainers * Simulators * 


Telemetry * Specialized Digital Computers * Microwave Components * 


Automatic Flight Control Systems * Automatic Checkout Equipment 


MCDONNELL AIRCRAFT + ST. LOUIS 
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NEW FROM EDISON... 


A PRECISE MINIATURE 
INKLESS RECORDER 


™ INEXPENSIVE ® RECORDS ANY VARIABLE 
™ REPLACES METERS OR INDICATORS 

™ PANEL OR BULKHEAD MOUNTED 

™ BUILT-IN VARIABLE CHART SPEED 

@ JUST 334”x 354” x 3” 


Now you can take advantage of a new, economical means of 
recording any variable that can be converted to an electrical 
signal. Thanks to Omnicorder, you need no longer rely on 
meters or indicators, even where cost factors or space restrictions 
would ordinarily dictate the use of these instruments. 


Measuring just 334” x 334” x 3”, Edison’s Omnicorder, a unique 
circular chart recorder, is so compact that nine units occupy just 
one square foot of space. Thoroughly legible, yet requiring no 
ink, pen or ribbon, Omnicorder is equipped with a simple three- 
speed adjustment which regulates chart rotation, thereby pro- 
viding time sequences to meet varied needs. A flick of the switch 
gives users a choice of these sequences: one hour, seven hours 
and thirty hours per revolution — or one day, seven days and 


irty day ion. 
sun epee thirty days per revolution 


through this slot. The Omnicorder’s simple, inexpensive construction assures depend- 
measuring system Is 


scaled off from any able operation and a long, maintenance-free life. Four types of 
careless tampering. meter movements are available to measure a wide range of AC 

Zero Set Screw: Adjustment and DC electrical quantities, ranging from thermocouple outputs 
is made when measuring Yo currents as high as 100 amperes. No amplification is ever 


system is not printing and required, even for signals as low as 10 microamps. 
when the circuit to be 


recorded is disconnected. For complete information on this rugged, maintenance-free 
Omnicorder, write for Catalog 3057. 





Thomas A. Edison Industries 
INSTRUMENT DIVISION 
38 LAKESIDE AVENUE, WEST ORANGE, N. J. 
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LITTON auuinertiac 
AUTOMATIC NAVIGATOR 


INSTALLED IN AN OPERATIONAL FIGHTER 


—*- 


NEW PROOF OF LITTON’S CONTINUING CONTRIBUTIONS TO THE DEVELOPMENT OF 
INERTIAL NAVIGATION IS FURNISHED BY THE LN-3-2B AUTOMATIC NAVIGATOR THAT 
IS NOW BEING INSTALLED IN CANADA’S CF-104 FIGHTER. 


Three-hundred-and-sixty-degree free- 
dom of aircraft maneuver on every 
axis is made possible by four-gimbal 
isolation of the Litton stable platform 
that keeps the system’s accelerometers 
aligned in inertial space. Voltage 
signals from the accelerometers are 
transmitted to a computer where they 
are integrated to compute vehicle 
position components. 


In addition, an adapter unit provides 
27 outputs of pitch, roll and heading 
angles and ground speed to other 
equipment in the aircraft such as 
bombing computer and autopilot. 


In flight, tight servo loops hold all 
sensitive elements of the stable plat- 
form at null regardless of acceleration. 


Any relative motion between the gyro 
case, which is fixed to the platform, 
and the floated gyro rotor, which is 
fixed in space, is sensed and corrected 
to keep the platform including accel- 
erometers oriented to vertical and 
north. Any acceleration along an axis 
produces an accelerometer torquer 
current which is proportional to the 
applied acceleration. This torquer 
current holds the accelerometer at null, 
and the same signal is transmitted to 
the navigation computer. 


Another indication of the scope and 
caliber of Litton inertial engineering 
is the new combined doppler and in- 
ertial navigation system being pro- 
duced by Litton Systems for the 
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Lockheed P3V-1, anti-submarine pa- 
trol aircraft. The inertial system 
continuously measures accelerations 
along the two horizontal axes and 
computes velocity components and 
aircraft position in latitude and longi- 
tude. Velocity information: from the 
AN/APN-122 doppler radar is used 
in the inertial navigation system to 
optimize system performance. 


A half dozen other Litton inertial 
navigation systems have been success- 
fully developed to the operational 
phase. Still others are now in earlier 
phases of development. 


EXAMINING LN-3 STABLE PLATFORM UNDER TEST AT LITTON'S WOODLAND HILLS, 


CALIF. FACILITY ARE L-R: VIC SYMONDS, LITTON-CAMADA; P. LUTH, LITTOR-CALIF.; 
0. BELYEA, DOP. 


These programs are being carried for- 
ward by engineers specializing in 
inertial navigation and related tech- 
niques. By engineers with their own 
long-range plans, and the ability to 
make important contributions to 
inertial engineering. By engineers who 
prefer engineering to paper work. By 
engineers willing and able to see a 
job through from concept to product. 


Are you specially qualified in inertial 
equipment, computers, data process- 
ing systems, tactical data systems, dis- 
plays, advanced communication tech- 
niques? Write today to Donald Krause, 
Research & Engineering Staff, Litton 
Systems, Inc., 336 No. Foothill Road, 
Beverly Hills, California. 


Qualified applicants will be considered regardiess of race, creed, 
color or national origin. 


LITTON 
SYSTEMS, INC. 


Beverly Hills, California 


DIVISION OF LITTON INDUSTRIES 
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High-Performance 


NUMBER 16—NEW PRODUCT SERIES 


Commercial Potentiometer— Under $1 


Now—solve the quality-price dilemma with Bourns E-Z Trim® 
commercial potentiometers. These subminiature thorough- 
breds are direct descendants of the time-proven Trimpot® 
potentiometer, and their performance shows it. They stand 
up to steady-state humidity and fully satisfy the requirements 
for such demanding applications as industrial controls. 


Settings you make with E-Z Trim units are pinpoint-sharp, 
thanks to the superior angular resolution afforded by the 
15-turn shaft. They stay that way, too, because the shaft is 
self-locking. Adjustments are fast and simple—an ordinary 
screwdriver does the job. 


ca a das Sy 


Take your choice of wirewound or Resiston® carbon units. 
Wirewound Model 3067 handles a hefty ‘2 watt at room 
temperature, is available with resistances of 100 ohms to 
20K. Carbon Model 3068 offers resistances of 20K to 1 Meg. 
Both units have either printed circuit pins or solder lug 
terminals. 


Order in production quantities of 1000 or more, and these 
exceptional potentiometers are yours for under $1 each. Tell 
us you're in a hurry, and you'll have them within 48 hours 
—they're on the shelf from coast to coast. Write now for com 
plete data and list of stocking distributors. 





Manufacturer: Trimpot® potentiometers; transducers for position, pressure, acceleration. Plants: Riverside, California; Ames, iowa; and Toronto, Canada 
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ANOTHER @® PRODUCT—BETTER BY DESIGN 22 =s=™ 


Model PFM 400B—90” Scale Model PVM 120A—250° Scale 


METERS Fn YE wk METERS 


J) Dt 


nonopak separate sensor 


Model PFM 400E4— 250° Scale 


One of the most complete lines of Expanded Scale Meters. 


PRECISION METERS WITH 0.1% ACCURACY 


rugged! permanent calibration! temperature compensated! 


high readability * expanded scale * accurate * fail safe * linear scale 


Wherever reliability is a requirement in portable equipment or fixed power installations —AMF 
Precision Meters are the answer. The Frequency Meter is designed to provide continuous 
indications of frequency with extremely high accuracy. The Voltmeter is equally accurate—and 
both perform efficiently in wide climatic variations. 


In the rugged Monopak* model, the meter movement and the sensing element are enclosed in 
a single cylindrical unit. Units with separate mounting of the sensor are also available. 


Among the features—expanded scale, high accuracy, permanent calibration, fail-safe reading 
is the fact that AMF Precision Meters withstand extremes of environment and meet specifications 
on shock and vibration. Both Military and Industrial models are available. 


AMF will be happy to give you more complete details and specifications. Meantime, be sure to 


get your copy of AMF’s Illustrated Catalog showing 35 Precision Meters with specifications for 
each. Write for it today! 


AMERICAN MACHINE & FOUNDRY COMPANY 
1101-C North Royal Street + Alexandria, Virginia 


CORPORATE HEADQUARTERS: 261 Madison Avenue, © New York 16, N.Y. 


*An AMF Trademark 


60 CIRCLE 60 ON READER SERVICE CARD CONTROL ENGINEERING 








ATOMIC ENERGY 


{ 
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Cr YOGENI CS 


LIQUID | 


Fisher facilities and engineering sil are at your command 


Typical of the special control valves assembled 
in the spotlessly clean Fisher white room is the 
Type SS-30, a high temperature angle body for 
controlling liquid metals at pressures up to 250 
psi and temperatures of 1500° F. The SS-30 is 
also used in the atomic energy field and for 
control of toxic fluids in the chemical industry. 
Made of forged or bar stock material, the SS-30 
has seal-welded joints, Stellite faced valve plug 
and seat, and bellows seal to prevent valve stem 
leakage. Stainless steel valve body is self-draining 


in both vertical and horizontal positions. SS-30 
is tested by mass spectrometer when required 
to meet critical body and seat leakage rates. 


Pressurized rooms, filtered air, pre-cleaned tools, 
and properly attired technicians will keep 
your equipment immaculate until capped and 
sealed for shipment. Fisher Governor Company, 
Marshalltown, lowa. Plants in Woodstock, Ont., 
Rochester, England. Butterfly Valve Division: 
Continental Equipment Co., Coraopolis, Pa. 


lf it flows through pipe anywhere in the world 
..-chonces are it's controlled by....... 


1961 


SINCE 18680 
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Briel Industries, manufacturer 

of aluminum extrusion billets 

and ingots for die castings, uses 

a Barber-Colman automatic control 
system. A centralized instrument 
panel controls temperatures 

in the Briel melting, holding, 

and homogenizing furnaces. 
Flame-otrol Combustion Safeguards 
are also interlocked with process 
controls in the panel. 


industrial Instruments « Automatic Controls « Air Distribution Products « Aircraft Controls « Electrical Components 
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Chain lightning has been chained 
by man’s inquiring mind. The 


from rampant. force to 


step 
docile obedience was 


A MATTER OF CONTROL 


Process Control Systems... 


With a few millivolts, fine instruments, and 

twenty-five year’s experience, Barber-Colman 

builds a better process control SYSTEM. 

From the hundreds of instruments available Dept. S. 1548 Rock Street 
they will specify and coordinate each com- Rockford, Illinois U.S.A. 
ponent to provide you sound, profitable, Barber-Colman of Canada, Ltd. 
process control. A Barber-Colman Sales and Dept. S., Toronto and Montreal 
Service Engineer will help you plan, select, Export Agent: 
install and maintain your process — system- putea hms 
atically. Call him through the Yellow Pages. 


BARBER-COLMAN COMPANY 


Wheelco Industrial Instruments Division 


Small Motors « OVERdoors and Operators « Molded Products « Metal Cutting Tools * Machine Tools « Textile Machinery 
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654 MILLION HOURS ON-STREAM; NO TIME OFF FOR MISBEHAVIOR 


Ten years ago, the first Autronic® loop went 
on-stream. It has since been joined by more than 
20,000 others. These loops have rolled up 654 mil- 
lion service-hours, measuring, indicating, record- 
ing, and controlling every conceivable process 
variable. 

In all that time, very few have required 
more than token service—the change of a cir- 
cuit card, a screwdriver calibration adjustment, 
that’s all. 


There’s good reason for this successful record: 
Swartwout people are thoroughly oriented to elec- 
tronic control. They know its advantages. They 
know its pitfalls, too . . and how to avoid them. 

If you are considering making your next 
control loops electronic (and most people are), 
Swartwout’s unique experience, backed by the 
most complete selection of equipment in the 
industry, can assure on-stream success. 

More information? Send for Bulletin A-913. 


SWARTWOUT DIVISION, CRANE co. 


HOOKSETT INDUSTRIAL PARK « MANCHESTER, NEW HAMPSHIRE 
SWARTWOUT ... World Leader in Electronic Process Control 


moving. fast with 
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STATIC 
OR 


DYNAMIC 
TESTING 


i 


MINCOM 
SERIES G-100 


RECORDER- 
REPRODUCER 








a 


FM and analog testing, RF or closed circuit data storage with Mincom reliability—all in the day’s 
work for this superb, all-purpose general instrumentation system: the Mincom G-100 Magnetic 
Tape Recorder / Reproducer. Direct response is 200 cps to 300 kc at 60 ips. FM response at 60 
ips is dc to 20 kc (broadband), dc to 10 kc (standard). Fourteen tracks in one rack. All-transistored 
card system record / reproduce modules, interchangeable for FM or analog. Greater dynamic range, 
built-in calibration, lower power requirements. Interested? Write for complete specifications. 





Lae >>: ay 


to Ss 
E> ... WHERE RESEARCH IS THE KEY TO TOMORROW 
~ {4 


*2a5 7 ace 


MINCOM pwision Minnesota Miinine ano [Yfanuracturinc company 


2049 SO, BARRINGTON AVE., LOS ANGELES 25, CALIFORNIA + 529 PENN BLDG., 425 13th STREET N.W., WASHINGTON 4, D.C. 
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Watch Weston for new developments... 


Space satellite Exotic in both design and application, this reaction thrust valve 


developed by Weston Hydraulics is used to stabilize and control TV 
satellites while in orbit. Used in pairs, each valve is actually three 
R EACTIO N valves in one, the pair controlling all three axes of roll, pitch and 
yaw. A 14 kt gold plating helps regulate temperature and provides 


TH ~ UST VA LV Ee resistance to corrosion. M Weston’s facilities are just as modern as 


the products they put out. The pneumatics laboratory, shown here, 


gets “Show wi ndow”’ is one of the largest and best-equipped available, with special win- 


dows for safe testing to 5,000 psi! M@ Put Weston’s experience to 


testi ng at Weston | work for you. Write or call for information on a hydraulic, pneu- 


matic or gas actuated control system for almost any application! 


WESTON 
HYDRAULICS 


HYDRAULICS LIMITED 
A SUBSIDIARY OF BORG-WARNER CORPORATION 


7500 Tyrone Ave., Van Nuys, Calif. » Telephone TRiangle 3-4340 
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Burner flame on’? 


New FLAMON 


Detector 
can help you be sure! 


Properly installed, the FLAMON Detector responds 
only to the flame it surveys. Glowing refractories 
or flames from adjacent burners—do not produce 
false signals. Positive monitoring of each burner is 
assured. Absence or failure of flame is sensed and 
accurately signaled—and transmitted to control aux- 
without use of external relays or amplifiers. 
Key to automation . . . the FLAMON Detector 
provides the key to reliable automatic light-off 
and shutdown. 


iliaries 


Provides wide temperature range . . . the FLAMON 
Detector can be used in ambient temperatures from 


A 162-1 


Two FLAMON Detectors installed for inde- 
pendent monitoring of main burner flame 
and pilot flame of a gas-fired boiler 


—20 to 150°F. Flame-sensing element withstands 
temperatures up to 500°F. 
Allows easy inspection . . . quick-disconnect, key- 
hole mounting simplifies checking of lens condition 
and detector alignment. 

Simple, solid-state circuitry the FLAMON 
Detector unit contains only 10 components. 
Weatherproof construction .. . design of Bailey unit 
makes it suitable for outdoor installation. 

’ Your local Bailey Engineer can give you a dem- 
onstration of the FLAMON Detector. Call him, 
or write Cleveland. 


Instruments and controls for power and process 


BAILEY METER COMPANY 
1079IVANHOE ROAD + CLEVELAND 10, OHIO 


in Canada—Bailey Meter Company Limited, Montreal 
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MSA Instruments apply 
all these principles for 
dependable 

process stream analysis 


Infrared Analysis: 


Now MSA delivers a modern, low-cost infrared analyzer that substantially reduces the size, 
complexity and high-cost of most available instruments. * The new M-S-A* LIRA* Model 300 
Infrared Analyzer has the inherent reliability and accuracy of earlier MSA analyzers. But you 
use it in applications where extreme sensitivity isn’t so essential. Lets you analyze gases, 
vapors and liquids fast, economically. * Weight: only 40 pounds. Size: a trim 8”’ x 104"’ x 20”. 
Requires only 60 watts. Available with handle for use as a portable unit. * You can use the 
Model 300 LIRA for handling chemical and petro-chemical process streams; for furnace 
atmosphere control; for humidity measurement and control; combustion control; toxic and 
combustible gases; for logging of oil or gas wells. Other models of M-S-A LIRA are also 
available for your more complex problems. * Our techniques and princi- 

ples involve a number of interesting instrument concepts. They’ re reflected 

in the symbols on the opposite page. Please write for new M-S-A LIRA 


300 bulletin. Or for any of our other process stream analyzer literature. 





Mine Safety Appliances Company, Pittsburgh 8, Pennsylvania 
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M-S-A® Process 
Refractometer 











Infrared 
Depolarization Analysis 
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Catalytic Thermal 
Combustion Properties 


A® Thermatron 
Analyzer 


INSTRUMENT DIVISION 
Mine Safety Appliances 
Company 
Pittsburgh 8, Pennsylvania aa 


Chromatography 


*Trademark 





From General Ceramics Division of 
INDIANA GENERAL CORPORATION 





Here is one of the eight GC memory core 
stack arrays that provide the 32,768 48-bit 
word memory of the Control Data 1604 
Computer. View above shows the swing-out 
type page-frame assemblies on which the 
memory stacks are mounted in this re- 
markably reliable general-purpose computer 


Reliability that Helps the Control Data 1604 Computer Achieve 
“UPTIME” RATINGS THAT MEAN PROFIT 


General Ceramics, the originator of the square loop ferrite, 
offers a complete line of job-proven cores, planes, stacks and 
memory systems — proven in many computer and control sys- 
tem applications where the ultimate in reliability is demanded. 
A good example is Control Data’s advanced, large-scale, 
solid state 1604 Computer which has set new reliability 
standards for the industry, maintaining one of the high- 
est over-all average “uptime” ratings ever achieved for 
machines in its class. This high performance requires 
fail-proof output from every component, including the 
over 1.6 million GC cores wired into the memory stacks 
of the 1604, 

According to W. F. Harrison, Control Data’s Mana- 
ger of Engineering Services, ““GC was chosen on the 
basis of a careful evaluation which included criteria 
ranging from the supplier’s reputation and background 
through his proven ability to produce required quan- 
tities with consistent quality.” 


INDIANA 


General Ceramics reliability is assured through 100%, 
quality control at all levels — beginning with mechani- 
cal and electrical testing of each individual core and 
continuing with both visual and electrical inspections 
at all stages of assembly. This means, for example, the 
meticulous microscope-checking of over 175,000  sol- 
dered connections alone in the eight banks of stacks 
used in each Control Data 1604 Computer. 


Advanced techniques such as ultrasonic cleaning, 
automatic 12-per-second core testing and other elec- 
tronic functional checks performed on specifically de- 
signed equipment provide that extra edge of quality 
which customers, such as Control Data Corporation, 
have come to expect from General Ceramics. 


Compare GC with your present source — write, wire 
or phone today. 


APPLIED LOGICS DEPARTMENT 


= GENERAL CERAMICS 


Phone VAlley 6-5100 « Direct Distance Dialing Code 201 


GENERAL 
TECHHICAL CERAMICS, 
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Ketay introduces Size 11 synchro in commercial configuration. 


Both these Size 11 Synchros 
provide better-than- 
spec performance 


-@ assure operating stability from —55°C to +85°C 
through use of a Ketay-developed special potting com- 
pound (see graph). Units also available for applications 


KETAY now offers Size 11 synchros that meet or sur- in ambient temperatures up to 200°C. 


pass the requirements of both MIL-S-20708 and SAE- e offer increased strength plus resistance to shock, 
ARP-461-A. The new commercial configuration models vibration, and moisture, because stator is potted in 
are built to the same exacting performance standards housing. | 
as the MIL Spec models. Designed for broader ap- 
plications and ready for immediate delivery, both 
synchros: 


e achieve high accuracy and longevity with unique 
thru-bore construction, mechanical and electrical sym- 
metry, and Ketay precision design. 





TYPICAL SPECIFICATIONS (both models) — 


ee ee oe SYNCHRO 


CONTROL CONTROL outammines, TORQUE TORQUE 
TRANSMITTER TRANSFORMER TRANSMITTER TRANSMITTER RECEIVER 
26v 115v 90v 26v 90v 26v 115v 115v 
Rotor D.C. resistance (L-L), ohms, nom. P 353 23.8 405 7.0 112 112 
Stator D.C. resistance (L-L), ohms, nom.... . . 320 : 595 7.8 181 1.9 153 153 
Input voltage, volts... ; 115 90 11.8 90 26 115 115 
Output voltage, volts i 90 q 57.3 11.8 90 11.8 90 90 
Primary, impedance, ohms ‘ 4950/81 ; 5175/81 1725/81.8°| 91.4/81.6° 2077/80° 2077/80° 
Total null voltage (max.) (mv.) 75 60 94 
Fundamental null voltage (max.) (mv.) 45 30 59 
Angular accuracy (max.) (minutes) * + +7 + +7 +10 +7 +7 +7 
Transformation ratio (+2%) ; iawell P .783 . .735 : 1.154 454 .783 783 
Phase shift (degrees lead) ..... . . 6.0 0° 5.0° . 5.0° 45° 5.3° 5.3° 


60 














22 min. 
Input current, max. (ma.) cae 35 max. 20 60 280 60 


41 min. 
"61 max. a 25 ‘ 6 1.2 1.1 1.1 


Torque gradient (o0z.-in./degree) or ‘ ace .0085 min. .0085 min.|.0085 min. 
| Receiver error ; 


Input power, max. (watts) 


+1° max, 


























*The table above applies to standard 7-minute accuracy synchros meeting the requirements of MIL-S-20708. 
2, 3, and 5 minute accuracy units are also available in production quantity. 


* 


* 
* Ketay also manufactures a complete line of precision encoders, servo motors, resolvers, 
motor tachometers, gyros, and amplifiers, in a wide range of sizes and specifications to meet 

* 


* Write for complete data on these and other synchros of all types and sizes. 
+ your specific requirements. Components are available separately or in modular packages. 


| 
* NO EN id division of UNITED AIRCRAFT CORPORATION 
COMMACK, LONG ISLAND, NEW YORK 
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HOW DO YOU 
TEST AN 


| 


In an automobile, transmissions can be designed to 
give top speeds by sacrificing acceleration — but it’s a 
poor bargain, as a quick road test will show. Similarly, 
in an X-Y analog plotter high slewing speeds can be 
obtained by sacrificing acceleration. Again it’s a poor 
bargain because highest plotting accuracy depends 
upon high static accuracy combined with a perfect 
balance between acceleration and velocity limits. 
EAI’s Model 1100E Variplotter has this desired bal- 
ance as a simple ‘road test’ developed by EAI engineers 
can graphically demonstrate. 


As a matter of fact, everything about the Model 
1100E Variplotter has been engineered to give you 
the utmost in plotting performance. Developed to 
speed up engineering control, testing and design oper- 
ations, it consistently produces faster, more accurate 
plots of X-Y related data. 


The development of the Model 1100E has resulted 
from EAI’s years of pioneering research and develop- 
ment in the field of automatic plotting: It provides 
outstanding accuracy of 0.075% F.S. —less than the 
width of the line drawn by the pen. Arm acceleration 


is 250 inches/sec.?. Pen acceleration is 750 inches/sec.2. 
The high velocity of the 1100E is augmented by this 
faster acceleration to assure outstanding dynamic 
performance. 


Repeated testing under actual operating conditions 
proves that the principle of the Variplotter, Model 
1100E design virtually eliminates backlash, and pro- 
vides drift-free operation for periods of 8 hours or 
more. This superior repeatability has been amply 
testified by users who report that even after overnight 
shut-down, the Model 1100E resumes plotting with no 
noticeable drift. 


A complete line of accessories—including bi-variant 
function generator, digital data plotting (manual or 
automatic) and time base generator — makes the EAI 
Variplotter the most versatile automatic plotting 
method available. The Model 1100E can be easily 
converted to operate as a function generator —or will 
plot digital information manually from a keyboard 
as well as automatically from punched cards or paper 
tape — by simple addition of compatible components. 


Check these features... 
Portable desk-top size— 
Large plotting surface (11” x 17”)— 
Vacuum hold down— 
High dynamic and static accuracy— 
Rugged construction— 
Ease of maintenance— 
Differential input— 
Plug-in input network— 
Superior repeatability. 
Ask your EAI representative to show you the simple 


laboratory test that proves the superiority of the Model 
1100E Variplotter,—or write for Bulletin AP 810-1. 


aa i a 
ELECTRONIC ASSOCIATES, INC. 


Long Branch, New Jersey 
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INDUSTRY’S PULSE 


Why the Marketing Compacts? 


1961 


“To sell computer control to the process industries, you have% 


to be able to deliver the whole system—instrumentation, pneu- 
matic-to-electronic converters, and the computer. The customer 
likes the idea of ‘integrated capability’.” ‘That is what the sales 
manager of a computer company told CtE after his company 
had bees pushed into a marketing compact with a traditional 
instrument maker. 

The demand for integrated capability has made it almost im- 
possible for a computer faaher to “go it alone”. Only a few are 
broad-based enough to supply their own hardware for the entire 
system. Minneapolis- loneywell is one; in the power generating 
field, General Electric and W estinghouse are others; and General 
Precision Inc., is still another. In the last year, many computer 
makers have chosen the marketing compact route instead. ‘They 
have selected an instrument vadhee or systems supplier to work 
with and have built their marketing strategy around the compact. 


The marriage scoreboard to date: 
Computer maker and Instrument or system supplier 


TRW Computers Co. Republic Flow Meters 

T’RW Computers Co. Swartwout Div., Crane Co 

RCA Foxboro 

Philco Corp. Leeds & Northrup 

Packard Bell Computer Bailey Meter Co. 

IBM Allis Chalmers and CSC 
Daystrom Systems Universal Oil Products 

Daystrom Systems United Engineering and Foundry 








In all cases, the marriage has been unofficial. The wedding 
ceremony is the signing of an agreement to work together. There 
have been no joint ventures (with each partner contributing to 
set up a separate organization) and no exchanges of ownership 
through stock transfers. 

TRW Computers took the initiative in its compacts. After 
the company sold several control systems to petroleum and chemi- 

cal companies, it found itself locked out of the power generating 
ne because it didn’t have the right contacts and selling “approach. 

TRW got together with Republic Flow Meters, ‘which had 
one selling to the utility industry for a long time. Fruits of the 
coer three computing control systems sold to the Tennessee 

Valley Authority. With this success under its belt, TRW Com- 
puters signed another agreement with Swartwout to improve its 
coverage “of the petroleum and chemical processing fields. 

When Bailey Meter determined its approach to computer con- 
trol, it decided the computer should be just a component in the 
control system. After a Bailey engineer saw the PB250, a com- 
puter designed as a system component, the Cleveland company 
entered into a five year compact with Packard Bell. The agree- 
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The new 906C timing 
system is here 


What's different about the 
NEW 906C VISICORDER OSCILLOGRAPH? 


At first glance you may see no difference at all. Just the 
same functional lines and compact size that you have come 
to recognize in the Visicorder. 
They have not changed since 1956, when the Visicorder 
principle of oscillography made immediate readout of high 
frequency data possible for the first time. 
Until now, all the improvements that have maintained the 
Visicorder’s record of leadership have been internal: 
—increased capacity to 14 channels 
—higher frequency response (0-5000 cps) 
—simultaneously recorded grid lines 
—self-starting lamp for remote operation 
But the 906C has a new feature you can see, (look carefully 
at the back of the case) and one that represents still another 
breakthrough; a built-in flash tube timing system which not 
only generates its own time base, but which can also be 
triggered externally. You can, in other words, use the 906C’s 


HONEYWELL INTERNATIONAL 


Sales and Service offices in all principal cities of the world. Manufactur- 
ing in United States, United Kingdom, Canada, Netherlands, Germany, 
brance, Japan. 
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timing system to record time lines simultaneously with data. 
Or you can trigger the timing circuit externally — either by 
supplying a pulsing voltage of only +10v into 20K ohms 
impedance, or simply by causing impedance to drop to 100 
ohms or less through shorting-out or other means. 


Thus your “‘time’’ signal may actually be an event marker 
related to shaft rotation, belt movement, or any other effect 
which might be more conveniently fed to the timing circuit 
than to a galvanometer. 


(Owners of Visicorders 906, 906A, and 906B will be glad 
to know that only a field-change is necessary to economically 
and easily add this timing system to their instruments), 


Write today for full information on the brand-new 906C 
Visicorder. Ask for Catalog HC-906C. Or call us at SKyline 
6-3681, Direct Distance Dialing Code 303. 


Minneapolis-Honeywell, Heiland Division 
5200 East Evans Avenue, Denver 22, Colorado 


Honeywell 
H Te nl 
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ment assures Bailey of exclusive rights to the PB250 in the power 
generating and distribution market (on land and sea) . 

Bailey Tikes the arrangement because it gives the company a 
computer “right now’, one that is compatible with its own control 
system. Packard Bell thinks the arrangement is fine, too, because 
it lacks sales and service experience in the industrial control field. 

Compatibility of computer with control was the reason Allis 
Chalmers sought out IBM for a marketing compact. After AC 
bought a 50 percent interest in Consolidated Systems, to pick 
up know-how in sophisticated electronic systems, the Milwaukee 
company thought it would not stick with any one computer, that 
it would choose the “best ” available (CtE, Feb. 61, p. 48). 

\C soon found it didn’t work that way. The technical effort 
that goes into building the mathematical model for computer 
cont trol and the programming can cost as much as the hardware. 
Since the logic and organization of every computer is different, 
\C diapaveced it had better concentrate on one control computer. 

lhe blending of two Massachusetts organizations filled gaps in 
each company’s marketing structure. Foxboro, with a wealth 
of experience in process imstrumentation, needed a computer, 
but didn’t feel it could justify the expense of designing its own. 
RCA was on its way to designing a complete computer line, but 
it had little experience cz alling on the process and control engi- 
neers who would specify computer control. But neither has been 
completely satished and the formal arrangement just expired. 

To increase its marketing leverage in computer control, Days- 
trom Systems Div. of Daystrom has followed a much different 
approach. Daystrom has joined forces with a systems supplier. 
l'o reach the oil industry, the computer and instrument maker 
signed with Universal Oil Products, which builds and licenses 
processes to the petroleum industry. 

Daystrom’s arrangement with United E ngineering and Foundry 
stemmed from the ees maker's —. in selling com- 
puter control to the National Steel’s Great Lakes Steel Div. 
(CtE, Dec. 1960, p. 146). Daystrom recognized that the foundry 
maker knew the ins and outs of selling to the steel industry far 
better than Daystrom. 

Several sales managers told CtE that the marketing compacts 
were not the final answer to selling computer control. ‘The com- 
pacts, they said, might help a few companies weather the shake- 
out that is inevitable. But those with the real staying power 
will turn out to be companies that have an integrated operation, 
that acquire intimate knowledge of the processes to be controlled, 
and that can perform systems engineering. 


IBM- 

Allis Chalmers- 
Consolidated 
Systems Corp. 


RCA-Foxboro 


Daystrom-UOP- 
United Foundry 


Not the answer? 
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NEW LINK 


in Industry’s Strongest Chain of Transistor Performance 







PHILCO 
ABSOLUTE MAXIMUM RATINGS 2N2048 
Storage Temperature...... 2.2... 00000. —65 to +100°C | 
Collector Voltage, VoB.... 6. cece eee reeeeneee —20 volts rel-a-2., PV Tiel. | 


Collector Voltage, VcES.. 1... see eeeeeeeeeeees —20 volts 
Collector Voltage, VoEO.. 1... scccccvccccccecs —15 volts 
Collector Gurvent, 16... cc cccccccccccccccccccs 

Total Device Dissipation @ 25°C........eeeeeeeees 


SWITCH 


T0-9 
ELECTRICAL CHARACTERISTICS ( 


Philco’s new 2N2048 is the forerunner of a broad line 


Characteristics 


Collector Cutoff Current, 
IcBo 
DC Current Amplification 


Factor, hre 


DC Current Amplification 


Factor, hre 


Collector Saturation Voltage, 


Vee (SAT 


Base Input Voltage, 
Vee 

Hole Storage Factor, 
K's 

Gain Bandwidth Product, 


fr .. 


Conditions 


Vos = —5v 


Voce = —0.5v 


lc = —50 ma 


Voce = —0.5v 


lc = —0ma 


lc = —10 ma 


le = —0.5 ma 


lc = —10 ma 


Ip = —0.5 ma 


Ip = —2.5 ma 


Voce = —10v 


le = —6ma 











of 150 mw MADT switching transistors. The new 
power dissipation capability is available in uniformly 
reliable high-speed units, at surprisingly low cost, 
via proven MADT automation. 


Intended for both saturated and non-saturated logic 
circuits, the Phileo 2N2048 gives you more than com- 
parably priced transistors—more drive per transistor, 
more switching speed per dollar invested in tran- 
sistors, and the extra capability of extra power dis- 
sipation for applications that require it. 


Philco 2N2048 features include minimum hgg of 50, 
maximum V(saT) of 0.14V., minimum fr of 150 me., and 
tightly controlled Ver ranging from 0.25V. minimum 
to 0.35V. maximum. For complete information 
write Dept. CE761. 
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Back Alley Ingenuity 


The great bulk of the control systems that have furnished the growth 
of the control field to date have been sold to the “main drag” or U. S. 
industry. A quick look at the major users of advanced controls shows this 
to be true: petroleum, chemical, steel, utilities, automotive, and machine 
tools are typical examples. One reason for this is that the companies that 
make up these industries are large enough to support their own groups 
of control systems engineers. The se men keep up to date, are expert at 
using commercially available equipment, taking advantage of the common 
deneiminaten of control, and extrapolating the SUCCESS of control devices 
and techniques from other industries to solve their own problems. 

Besides, these industries are natural outlets for the sales energy of 
the control suppliers. They are worth concentrating on since they buy 
control equipment in large quantities and have similar control system 
requirements from company to company. Control manufacturers can 
train “industry” experts and sell the same equipment to many users. 

The only trouble is that a major portion of the future growth potenti: i] 
of the control field lies not on the main drag but rather on the “back 
alleys” of industry. The smaller industries, iob shops, and service sup- 
pliers of the nation that up to now have been largely untapped as potential 
users of automatic controls make up a large percentage of total industry. 

These smaller industries will have to rely on their own user ingenuity 
to move toward more automatic processes, since they cannot offer the 
concentrated sales potential that has encouraged the control suppliers 
to tackle the large industries. The back alley control engineers must be 
particularly alert to new equipment and must keep an eye on what other 
industries are doing that can be adapted to solve their problems. A look 
at some of the things that have already been done shows an amazing 
diversitv of accomplishments: a machine that automatically bends auto 
tailpipes, a programmed system for tacking the fabric on upholstered 
chairs, a machine for automatically tensioning bike spokes, a system for 
shaking frit on a bathtub. Although the controls are often almost con- 
ventional. in each instance the idea came from a user who thought he 
could improve his process. 

Whether this back alley ingenuity is applied on an individual basis 
or through the trade sseocintioal of the smaller industries, it must begin 
to bear fruit before vast segments of American industry can take advan. 
tage of automatic conbral. and before the control industry itself can 
begin to reach its potential. 
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Did you ever use a computer 
as versatile as the 


2NNER 3100? 


The Donner 3100 isn’t for people who merely wish to 
push buttons. It is a medium sized, high accuracy 
computer, simple to operate, but designed so it doesn’t 
horsecollar the operator. In its class (20 to 100 ampli- 
fiers) it is the most versatile analog computer. Two 
big reasons for this are the 3100’s uncommitted ampli- 
fiers and its simulation board, an auxiliary patchbay 
electrically connected to the main removable problem 
board. Here’s what they do: 


Uncommitted Amplifiers. The 3100’s amplifiers are not 
already wired as summers or integrators. The opera- 
tor patches his resistors and capacitors to the amplifier. 
Obviously, he is not limited to using computing com- 
ponents with fixed values. If he wants to use only two 
components per amplifier, all the rest are free. De- 
pending upon your needs, the 3100 can be supplied 
with up to 50 amplifiers per console and two or more 
consoles may be slaved. 


The Simulation Board. Here the operator can plug in a 
wide variety of components—resistors, capacitors, pots 
and diodes. He can synthesize (a) complex input and 
feedback networks for amplifiers, (b) complex resis- 
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tor-diode limiting circuits and (c) resistor-capacitor- 
inductor filter networks. Programming these circuits 
on the simulation board is far simpler and saves ampli- 
fiers. For example, a mass-spring system is oscillatory 
and usually needs three amplifiers to simulate it: 
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But this clever little circuit does the same thing: 


You see, we have eliminated two amplifiers by using 
the simulation board. 


Speaking of economy, $13,998 buys a Donner 
3100 with 30 stabilized amplifiers and 55 potentiom- 
eters. A full line of nonlinear and accessory equipment 
is available. Free instruction on computer theory and 
operation is included. 


Get More Facts — Contact your Donner engineering 
representative for Data File 310, or write directly 
to Dept. 21. 

SCIENTIFIC 


DONNER comrany 


A Subsidiary of Systron-Donner Corporation 
CONCORD, CALIFORNIA + MUlberry 2-6161 
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A Guide to 
Controlling Cascaded 
Chemical Reactors 


OLE ANDREAS SOLHEIM 
Chr Michelsens Institutt, 
Bergen, Norway 


In a previous article (Ref. 1) author 
Solheim investigated the statics, dy- 
namics, kinetics, and controllability of a 
single stirred-tank reactor carrying out 
a first order, isothermal, irreversible 
reaction. Here the author extends his 
investigation to cascaded stirred-tank 
reactors, again examining by numerical 
examples three possible control schemes 
—manipulation of total flow, of split- 
feed concentration, and of split-feed 
flow—to see which is best for maintain- 
ing product concentration constant in 
the face of disturbances. 
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FIG. 1. Cascaded stirred-tank reactors 


For first order chemical reactions, maximum 
vield obtains in a chain of n stirred-tank reactors 
in cascade, Figure 1, when all reactors have the 
same volume. It is assumed here that the reactors 
are closely coupled so no transportation lag occurs 
between reactors, and that the reaction velocity 
constant k has the same value for all reactors. 
Since + V/Q = total volume/flow, the mean 
residence time for each reactor is then 7/n. 

The two significant transfer functions of the 
chain, determined by material balances, are given 
below. ‘They relate product concentration Cr to 
inlet reactant concentration C, j and to flow O. 

ACr 
AC a is 


a oo 


ACR 
AQ 


H», 


C4 % 
Q ss (i 4 


] l 
Ts [ ars rar | 


T : Tin 
where ; 1+kr/n 


ss = steady state value 


These transfer functions afford the control engi- 
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FIG, 2. Conversion efficiency for cascaded 
reactors is a function of velocity constant k, 
residence time 7, and the number of tanks n. 














FIG. 3. Three stirred tanks in cascade used to 
examine alternate control arrangements 
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FIG. 4. Bode diagrams of two transfer functions of 
niciest: H, 
in in‘et reactant concentration), and H, = 

change in product concentration/change in total flow 


(change in product concentration/ change 


RELATIVE VOLUME OF n TANKS IN CASCADE 





n = 0.5 n = 0.9 


n = 0.98 





Rel. vol. 


Rel. vol. 


Rel. vol. 





l ¢ | 





ia 4.3 2.1 














1:1.3 




















neer an opportunity to select the best type of 
control for a chain of stirred-tank reactors. The 
control system is assigned the task of maintaining 
product concentration Cp constant in the face of 
disturbances arising in changes in inlet reactant 
C, i» and in flow QO. That is, control is obtained 
by manipulating C, ,, or Q; thus transfer functions 
H2(s) and H,4(s) are of primary interest. 


Conversion efficiency 


For a single reactor the conversion efficiency is 
n = (kr)/(1 + kr) 


By extension, conversion » for a chain of n reactors 
becomes 


l 
(1 + kr/n)" (1) 


Figure 2 contains a family of curves based on the 


preceding equation. Since kr is a direct function 
of total tank volume, these curves indicate that 
for all values of » the relative volume 1/kr (rela- 
tive to a single tank) decreases as the number 
of reactors in the chain increases and as conversion 
increases. ‘The table above shows relative volume 
as a function of n and ». 
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It is of interest to compare the transfer func- 
tions of a single tank reactor with those of a chain. 
The inlet and outlet concentrations, the flow, and 
the conversion are the same in all cases. With a 
conversion of » = 0.9 the value of kr is found 
from Figure 2. 

- kn 9 


1; C 
2; kre 4 
4; krs 3 


3 = 0.48k7; 
Jl = 0.34kr; 
Note that with two reactors the total volume can 
be reduced to about 4 of the volume necessary 


when using only one reactor, and with four re- 
actors to about 4. 


Examining alternate control schemes 


A chain of three single stirred-tank reactors in 
cascade, Figure 3, serves as the basis for examining 
alternate control schemes. The following numer- 
ical values apply: 

C4 ines = 8k moles per cu meter 


ss = 2cu meters per hr 
n 0.9 


Then, Cg s xs = 9 Ca in ve = 0.9 X 8 = 7.2 k moles 
per cu meter. 


The value of kr found from Equation |: 


1 
=i- = 0.9 
0 tee 


which gives kr = 3.45. ‘Therefore, for cach reactor 
kr/3 = 1.15. 

Insertion of the preceding numerical values into 
the two transfer functions of interest, H2({s) and 
H,(s), for the three cascaded reactors yields 


T8 


ACrs 4.8 


Ri _ Og << 
ACA in 1+ 7) (1 
3 


r Ts due” a Ts 
2) +) 4 i 
=— 0.64) ———- 


- eV 
(1 7 sas) 


The Bode diagrams of H2(s) and H,(s) are given 
in Figure 4. With this information it is now pos 
sible to investigate alternate control schemes for 
the three-reactor chain. 


H;(s) = 


H ,(s) 


DESIGNING CONTROLLERS FOR THREE CHEMICAL REACTORS IN CASCADE 


To illustrate the procedure for designing con- 
trols for such a process, three examples will be 
worked out using two transfer functions previously 
calculated. In doing so, the dynamics of all ele- 
ments in the loop other than the process and the 
controller are assumed negligible. Actually, of 
course, for many loop configurations the dynamics 
of other elements (the transducer and valve, as 
examples) must be taken into account. Then, the 
procedure for determining the parameters of the 
control system is the same as developed here, but 
the actual system transfer functions will be some- 
what modified. 


Manipulating total flow 


Total flow manipulation for the three-reactor 
process is shown in Figure 5A, and the equivalent 
block diagram in Figure 5B. Here, changes in 
inlet reactant concentration C, % and flow O act 
as disturbances on the steady state value of product 
concentration Cp, and the closed loop compen- 
sates for both changes by manipulating total 
inlet flow O. 

From a dynamics point of view, flow manip- 
ulation is useful since, with H4(s)—as character- 
ized by high attenuation and a maximum phase 
lag of about 90 deg—in the loop, high controller 
gain is permissible. However, the needed change 
in flow to counteract a given change in product 
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concentration, as determined under steady state 
conditions, must also be considered. 
The relative transfer function (Ref. 1) is em 


ployed for steady state calculations. This func- 


FIG. 5. Control system manipulates total flow. 
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FIG. 8. Characteristics of noise disturbance 
signal for determining how well control 
system attenuates frequencies in the spectrum 











FIG. 6. Comparison of static gain 
and corresponding change in 

Cx in as a function of conversion, 
for one and three reactors. 
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FIG. 7. Closed-loop transfer 


function deviation ratio 
curve for flow manipulation. 


FIG. 9. Without control the system does not 
attenuate either high or low frequency 
disturbances too well, but with control system 
attenuates all but the highest frequencies 


tion gives the relative change in output caused 
by a given relative change in input directly. For 
the present case, 


¢ mm ee 8 . 
He ret = <= H,(s) = 73 xX 0.9 [dynamic terms] 


oy 


= 1.0 [dynamic terms] 


2 
Hiect = Qu H,(s) = — => X 0.64 [dynamic terms] 
C R as 7.2 
=— 0.18 [dynamic terms] 
Thus, with » = 0.9, in the steady state a 10 
percent change in Cy, causes a 10 percent change 
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in Cp 3, since 10 10 


ian 

l'o counteract this disturbance requires a change 
of 10/0.18 = 55 percent in flow QO. Therefore flow 
manipulation is not practical in this case when 
» = 0.9 unless the change in Cy, % is less than 
about 5 percent. (With conversion » = 0.8, a 
16 percent change in Cy, j% calls for a corrective 
change in flow of 10/0.31 = 32 percent.) 

However, it can be generally stated that flow 
manipulation is more practical for cascaded re- 
actors than for a single reactor, as seen from the 
two sets of plots, Figure 6, of static gain and cor- 
responding change in C, % as a function of con- 
version 7». 

Assuming that the magnitudes of disturbances 
and the conversion are both small enough as to 
result in a practical flow rangeability, the next 
step is to determine suitable controller character 
istics. Since H4(s) exhibits high attenuation and 
a maximum phase lag of about 90 deg, a high 
controller gain and reset action can be included 
in the controller to give fast response and good 
static accuracy without fear of closed-loop instabil- 
itv. Here proportional gain K, 10 and reset 
time T; = 3r. The controller transfer function 
then becomes, taking into account that H4(s) car 
nies a negative sign, 


[he open-loop system transfer function 
is then 


G(s 


terms in Equation 3 


3rs 


This latter transfer function is plotted into a 
Nichols chart (Ref. 2) that yields the closed-loop 
transfer function M(s)| shown in Figure 7. The 
deviation ratio curve (Refs. 1 and 3) obtained 
from the expression 


with control) 


ACR 3 


without control 
AQ 


is also shown in Figure 7. Note that the deviation 
ratio is down about 10 db at rw 5, so that the 
control system is effective in reducing disturb- 
ances for frequencies up to 5/r. 
I'he power density spectrum given in Figure 
has the characteristic 
P(w 

1 + rjw}! 
obtained by letting white noise go through a filter 
with a transfer function; 
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This stochastic signal, in terms of disturbance 
in inlet reactant concentration C, % or flow QO, 
is shown in Figure 8. Figure 9 demonstrates the 
change in outgoing product concentration Cp 
with and without control, corresponding to such 
disturbances. Here it can be seen that closed-loop 
control attenuates quite well at all but the highest 
frequencies. 


Manipulating split-feed concentration 


The arrangement for correcting variations in 
product concentration by manipulating split-feed 
concentration is shown in Figure 10A. ‘That is, 
O; >> Qs and Caz mp >> Car wm and any varia 
tion in flow OQ» to change the net inlet concentra 
tion will have little effect on total flow 

Transfer function H2(s) is in the closed loop, 
Figure 10B. As seen from the Bode diagram of 
H2(s) (Figure 4) the phase lag increases rapidly 
with frequency so controller gain cannot be made 
too high nor can controller rate action be effective. 
However, reset action with an integral time T; 
5r can be used beneficially. Employing the sta- 
bility criterion of a closed-loop peak resonance of 
1.3, a Nichols chart plot will show that the required 
controller K, is 2.2. Therefore, the controller's 
transfer tunction becomes 

, +a 1 + 57 
Ho(s) = Ky —a 2.2 —— 

For the case given, Figure 1] includes the ampli 
tude of the closed-loop transfer function M(s), 
the amplitude of H2(s) without control, and the 
corresponding deviation ratio curve. The d-r curve 
demonstrates that control is only effective against 
disturbances with frequencies up to about 1/r. 
For frequencies between 2/r and 30/7 the devia- 
tion ratio exceeds 0 db, meaning that for disturb 
ances in this frequency range the cascaded reactor 


FIG. 10. Control system 
split feed concentration 
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chain would actually without 
closed-loop control. 

Against disturbances with a power density spec- 
trum like that used previously the controlled sys- 
tem is not very effective, Figure 12. With control, 
the low frequencies are attenuated but the high 
frequency disturbance remaining in the product 
concentration has almost the same magnitude as 
when the reactor chain is not controlled. 


perform better 


Manipulating split-feed flow 


Another alternative for reactor control is to 
manipulate a split-feed flow. Such an arrangement 
is shown in Figure 13A and differs from the split- 
feed concentration scheme shown in Figure 10 in 
that now the concentrations of the two inlet re- 
actant feed streams are nearly equal (within a ratio 
of 2 or 3). The block diagram, Figure 13B, arbi- 
trarily shows OQ, as the manipulated variable, but 


Deviation ratio “| 


Power density 
~ spectrum 





FIG. 11. Closed-loop transfer function and resulting 
deviation ratio for split-feed manipulation 
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FIG. 12. For the control system employing 
split-feed concentration, manipulation 
attenuation of low frequencies in disturbance 
spectrum (Figure 8) is better with control, 

of high frequencies better without control. 


further study is needed to determine whether 
manipulating O,; or Qs is better. 

The change in flow O must be taken into ac- 
count when one of the split-feed streams QO; or Oz 
is manipulated. The net inlet reactant concentration 
is given by 

_ QC ar in + QC a2 in 


Ca in * ¥ 


Q: + Q2 
For a small change the above equation becomes 


Q: as i oe me Qe ss 


- ee Ques Qes 


AC 42 in 


Ca in #3 ~~ Ca in 88 
— : - A¢ 8s 
+ Ons D1 8: 


Y 
Ca in es 


AQ: ae 


, Carin oe — 
Qss 
The following numerical values are assigned: 


Ca: in = 6 k moles per cu meter 
C42 in = 14k moles per cu meter 
Lee = - 5 cu meters per hr 
Qe ss = 0.5 cu meters per hr 
Qu = = rng ss + Qe os = 1.5 + 0.5 = 2 cu meters per hr 
n 0.9 


1.5 X6+0.5 x 14 
5 +2 

Crse=CainX 1 =8 X09 
With these values the net change in inlet reactant 
concentration from the operating point is 

AC 4 in = 0.75AC a1 in + 0.25AC 42 in — AQ 22 + 3AQ2 oe 

This expression is used to draw Figure 13B, the 
system block diagram corresponding to Figure 
13A. Since C4 in ss, Oss, and » have the same values 
as for the two previous configurations, then H2(s) 
and H,(s) plotted in Figure 4 apply for this case 
as well. 

Whether it is better to manipulate Q; or Q»2 can 
be seen from the transfer functions 


CA in = = 8 k moles per cu meter 


7.2 k moles per cu meter 


ACR (s) and ACR (s) 
4Q, ~ : AQ: 
Inspection of Figure 13B (with the feedback con- 


nection considered to be an open circuit) shows 


— H,(s) t H,(s 


(35 ¥ LG 3 7) stats! = Be +1) 
e 3 anf a 
(s) =BHo(s) +H 


(22+) Ga") +1) 
( re. + 1)( 6.45 a 1)’ { 


(Note the —1 in the numerator above. This indi- 
cates a zero in the right half-plane of the complex 
plane.) 

From a steady state point of view if appears at 
first glance to be advantageous to manipulate the 
smaller flow Os, since its associated transfer func- 


ACr 
AQ: 


=— oR. 
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FIG. 14. Closed-loop transfer function 
for split-feed flow manipulation. 
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. 13. Control system manipulates split-feed flow. 
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FIG. 15. Deviation ratio curves of three alternate 
control schemes compares controllability obtained 
by manipulating either of three process variables. 


tion has a larger static value (2.06). However, 
dynamics, as shown in Figure 14, must also be 
considered to determine loop stability. Because 
ACr/SQ>2 has a zero in its right half-plane, this 
transfer function exhibits a maximum phase lag of 
270 deg. Transfer function ACz/AQ,, however, has 
a maximum lag of only 90 deg, making it the more 
stable of the two possible control loops. Therefore, 
Q; must be selected as the manipulated variable 
for this split-feed flow reactor control situation. 

A controller with proportional and reset actions 
proves satisfactory for a fast, stable control loop. 
The resulting deviation ratio curve for O; manipu 
lation is shown in Figure 15 along with the d-+r 
curves for the other two control schemes. Either 
total flow O or split-feed flow QO, manipulation is 
better—for the stated conditions—in all respects 
than QO» (split-feed concentration) manipulation. 

Dynamically, manipulation of split-feed flow 

O,) rather than total flow (Q) gives better reduc 
tion of low frequency disturbances The two 
arrangements give about equal disturbance reduc 
tion in the higher frequency range. 

Statically, to counteract a 10 percent change 
in Ov, C41 in, and C4 in requires a change in Q, of 
4.4, 17.5, and 13.7 percent, respectively, a satisfac 
tory flow rangeability to correct such disturbances. 
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A NEW ADDITION TO THE 
CGONAC LINE 


ad OY WAS 


ULTRASONIC 
LEVEL 


CONTROL 





Now, two new ultrasonic sensors, especially for level con- 
trol have been added to the Delavan line of sonac sensing 
and switching devices. 


The single sensor system is recommended for liquid level 
control and the double sensor system for dry level control. 


Control is maintained by installing the SONAC sensor 
through the wall of the vat, bin or hopper. When the oscilla- 
tion on the face of the sensor is dampened or impeded by 
the material being sensed, the signal to the control unit 
changes, activating a relay. 


FIG. 1—LIQUID LEVEL (One Sensor) FIG. 2—DRY LEVEL (Two Sensors) 


For level control, SONAC is accurate to .005” and has a 


response time of 25 milliseconds. Performance of the sensor 
does not deteriorate with age. 


The level control uses to which soNAc can be applied are 
virtually unlimited. It is not affected by the viscosity*, 
specific gravity, conductivity, or capacitance of the material 
being sensed. Temperature or pressure changes of the ma- 
terial do not alter its performance. False signals are elimi- 
nated because SONAC may be adjusted so as not to sense 
steam, foam, or vapors. 

*Viscosity may affect response time. 


Canadian Representative: 
KNOWLES & FOSTER (North America) Ltd. 


708 Terminal Bidg., Toronto 1, Ontario, Canada 
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SONAC is extremely rugged. Sensors are type 304 stainless 
steel. The electronic components in the sensors are her- 
metically sealed and will withstand pressures to 2000 psi 
and temperatures from —425° F. to +450° F. They are 
immune to shock, vibration or mechanical damage. 


The control is a compact unit 5” x 5” x 5” and features 
transistor circuitry. Power consumption is one watt and 
the unit will operate in temperature ranges from 40° F. 
to 135° F. 


Here’s how SONAC can be used for sensing and switching 
applications other than level control. 
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There are dozens of applications for SONAC single and 
double sensor units. Let it go to work for you now, write: 


DELAVAN 
NManufacta ung GS ompany 


WEST DES MOINES, IOWA 








A Proportional Transistor Switch 


With a simple modification, the much- 
used Schmitt trigger circuit becomes a 
switch that delivers a pulsed de output 
proportional to the amplitude of the 
input signal. This article offers the perti- 
nent design equations, plus a typical 
application circuit for using the propor- 
tional switch to control motor speed or a 
heater type load. 


A. N. DeSAUTELS 


Maico Electronics, Inc. 


The shaded portion of Figure 1] is a transistorized 
version of the popular Schmitt trigger circuit. The 
switching characteristics of the transistor are used 
so that under no-signal conditions, T2 is fully con- 
ducting and T; is completely off. A large positive 
signal at point A provides forward bias for the T; 
emitter and switches on T;. As a result, T2 switches 
off. Removing the positive signal at point A re- 
moves the forward bias from the T, emitter, turning 
off T, and returning T», to its original conducting 
state. Circuits of this type are used in on-off appli- 
cations such as relay switching. The transistor op- 
erates most efficiently under these conditions since 
it is either completely cut off or is in a full-condition 
or saturated status (Ref.). 


The modified trigger circuit 


The simple modification of adding the RC net- 
work at the input to the basic triggering circuit pro- 
duces constant amplitude output pulses with the 
pulse rate proportional to the amplitude of the input 
signal. As before T2 is full on and T, is nonconduct- 
ing for no input. The voltage at point B equals Ep, 
minus the drop in R, due to T, base bias current. 
The voltage at point F equals E,, minus drop in 
Rioaa due to Ts collector saturation current. As the 
input signal is increased, a voltage related to the RC 
time constant develops across C and point A be- 
comes increasingly positive with respect to point D. 
Eventually point A becomes sufficiently positive to 
turn on T; and Ts» will switch off. But the conduc- 
tion of T, provides a low resistance discharge path for 
the capacitor C. As C discharges, the potential at 
A with respect to D decreases, and T, will turn off 
again, thus switching on Tz. With T, off, C re- 
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FIG. 1. Schmitt trigger circuit (shaded 
with simple RC network added to 
input is a proportional switch 


sumes charging until the potential across C is again 
enough to turn on T), and the process repeats as 
long as there is an input signal of sufficient ampli- 
tude. 

A series of negative pulses appears at point B, 
while a series of positive pulses appears at point F. 
The pulse rate is related to the time constant RC, 
the amplitude of the input signal, and the voltage 
differential between the on and off switching poten- 
tials at point A. 

Figure 2 shows these relationships. Ey indicates 
the voltage at point F of Figure 1, E,» is the battery 
voltage, and Eg is the voltage at point F when Te 
is fully on. Figure 2A illustrates the effect of a signal 
voltage only slightly greater than E74 turn on. The 
capacitor C changes in accordance with 

E.4 turn on 


E ie 
which can be rewritten as 


" Eis 2 
t = RC In ( Buse — Ea ture -) c 


At time t, T, switches on and C starts discharging 
for a time t, where 


= ] — etre 


h = BC -SAe (3 
Ea turn off 
and R’ is a series sum of T, forward biased base-to- 
emitter resistance and Ro. 

At t:, the potential at point A discharges to a 
value represented by E4 turn os7 and T; switches off 
while T2 switches on. As Tz switches on, the voltage 
Ey reduces instantaneously to Eg. When T, turns 
off, the signal voltage resumes charging C. 

The time between output pulses is the time te 
required to increase the voltage across C from the 











(A) Small signal 
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(B) Large signal 
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FIG. 2. A—Output voltage of proportional switch E,, and voltage 
across capacitor E, for small de input signal. B—Same 

voltages for large input signal. Note that pulse rate of output is 
higher for higher input due to faster charging rate of capacitor. 
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FIG. 3. For ac inputs, proportional switch produces 
output only during positive half-cycle of the input 
waveform. Note that pulse rate increases for higher 
amplitudes near peak of sine wave input shown. 
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FIG. 4. Motor speed control circuit using proportional switch. 


value corresponding to E4 turn oy to the value cor- 
responding to E4 turn on- 
Y Buio — Ea turn off 
t, = RC In a. i. (4) 
Equation 4 shows that as E,i, is increased, ts be- 
comes smaller, as illustrated by Figure 2B. Thus, 
the number of output pulses for a given period is 
proportional to the amplitude of the input signal. 


The proportional switch with ac inputs 


The circuit can also be used with sine or square 
wave input signals. Under these circumstances, out- 
put pulses would occur only during the positive 
half-cycle of the input. Figure 3 shows the relation- 
ship between an input sine wave, the voltage across 
the capacitor, and the output pulses. For a sine 
wave input, Equations 2 and 4 can be written 

A sin @ 


t = RC In —— ———— 
. A sin 6 — E« turn on 


and ty = RC In SSO A tern 
where A equals the peak value of input signal. 
Note from Figure 3 and Equations 5 and 6 that 
as @ approaches 90 deg (2/2 rad), charge time de- 
creases; therefore, the off-time between pulses de- 
creases. The equations also indicate that the num- 
ber of output pulses during the half-cycle of signal 
increases with A. In other words, the number of 
output pulses is proportional to the amplitude of 
the input signal. When A is made very large the 
charge time approaches zero and T; does not cut 
off until the input signal changes phase. The output 
waveform is then a square wave of the same fre- 
quency as the input signal. 


(6) 


Practical applications 
of the proportional switch 


Motor control. Figure 4 shows the proportional 
switch connected to control the speed of a two- 
phase motor. Positive output pulses switch on the 
power transistor, Ts, resulting in a series of pulses 
through the motor control windings during the 
positive half-cycle of the input signal. The trans- 
former coupling utilizes the collector swings of 
both transistors T; and T2 to approximately double 
the output power. Each collector swing simul- 
taneously induces voltages which add in the sec- 
ondary of the transformer. Switch sensitivity is in- 
creased by providing a small amount of bias for 7}. 
Heater control. By replacing the motor control 
winding with a heater load, the circuit of Figure 4 
can be used for heater control. Using an ac power 
supply for Ts; would permit T; to switch and power 
to be applied to the heater only when the proper 
phase relationship exists between the ac signal source 
and the T; ac power supply. 
REFERENCE 


POWER SWITCHING WITH JUNCTION TRANSISTORS, 
A. N. DeSautels, “Control Engineering’, Nov. 1959, p. 113. 
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A Lighthearted Lexicon of 
Computing-Control 


T. M. STOUT, TRW Computers Co. 


Defining terms strikes me as drab, 
So I've decided to take a stab 

At presenting this paper in verse 
(For better or worse). 


* 


Whether it's making gas or grinding rocks, 

A process can be shown as a box, 

With independent variables in two sides, brothers, 
And dependent variables out two others. 


Of independents, there are two kinds: 
Manipulated, when we make up our minds, 
Can be set to new values with ease, 
Disturbance go where they please. 


To say how a process behaves, 

The tons it produces or dollars it saves, 
The system engineer defines 
Performance variables—two kinds. 


One of these can be called the profit, 

The dollar gap ‘tween material in and product off it, 
Including water, fuel, steam, and solvent, 

And catalyst (new or spent), 


The others are subject to constraints, 
Or restrictions or restraints 

Which express a sort of bound 
Inside which the value’s to be found. 


The paper will give you, I hope 
(In couplets borrowed from Pope) 
A grasp of the terms that we use, 
In a way that will also amuse. 


* 


About the intermediates, we don't 
Whatever happens . . . they're there: 
Each requiring one more equation 
But cleaning up a calculation, 


Or measured as a clue 

To disturbances we eschew 
And whose presence we suspect 
But otherwise cannot detect. 


Process behavior is optimum or best 
When conditions meet this test: 

Any manipulation that we try 
Makes the profit not so high, 





Or puts a variable outside a fence, 
Causing either hazard or expense, 
As when a pressure or a speed 

It somehow does exceed. 


(The problem can be simply stated— 
Let no constraints be violated 
And the profit be a maximum 


But solving it is troublesome!) 


* * ¥* 


ontrol systems take ‘most every forn 
There really is no norm; 

Many kinds are running today 
Too many for this short survey. 


some are simple, some are cheap; 
ome have price tags mighty steep! 


Some are analog, some use digits, 


Some are big, and others midgets. 


A predictive system generally contains 
A process model from which it ascertains 
The conditions to be preferred 

If a disturbance has occurred. 


T 


Leave nothing up to chance 

It directly figures—in advance 

The size and sense of each correction, 
And the time for its injection. 


An exploratory system is defined 

As a system of another kind, 

One which experimentally will seek 
To find and fasten on a peak. 


It asks, following each movement 

Did the process show improvement? 
(Such systems need no long equations; 
They do without these aggravations.) 


Predictive systems are guided toward 
Their objectives by feedforward: 
Exploratory systems can be said to possess 
Feedback (a fact to cause distress). 


es. ¢ 


When disturbances are unfores 
Abrupt, and somewhat far 

If the resulting upsets don't last 
Long when a disturbance is passed; 


The most important thing to know 
Is where the process ought to go 
Where it ought to operate 
When it's in a steady state. 


In such cases, the process relations 
Can be mere algebraic equations 
Fundamental or statistical expressions 
From basic theory or regressions. 


(Engineers can ordinarily write 
Material and energy balances at sight 
But kinetics and such give rise 

To headaches, groans,:and sighs. 


It matters little, in times like these 

If equations have nonlinearities: 
Computer time may more than double, 
But otherwise they're not much trouble. 


Optimization here is not much fuss 
With rules derived by calculus 

Linear programming, steepest ascents 
Or anything else the designer invents. 
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Whether process conditions are steady or not To optimize, we have to r 
The designer has to give some thought A path from beginnin«: 
To problems lying beyond the statics By which th 


To questions arising from dynamics. Or the profit is incre 


e time is 


wi1tn cor 
surprise: 


npromise. 


; 


Of a process, an approximation 
He needs to ask: Is is stable? Which someday will surely dey 
When disturbed. is-it able From the agreement it showed at 
To get where it should in a manner 
Pleasing to its planner? : 
: And when the model goes astray, 
System performance tends to decay 

] 


Retirn inv montc oniv fr ~+ 
| a To hneturn on investments only a ira 
Have | accounted for lags and delays ; bedinagr Y ; 


Anc The STC > ses TS é 
Gotten signals in the proper phase, And the project los ea 
So the controller and the process mate 
And the assemblage is accurate? 


ttract 


Expecting this and using our 
We change the model so it fits 
New data as it comes along, 


If real dynamic optimizing is desired v 
Y P g — Keeping the system from going 


Different, fancier methods are required: 
The objective’s given by an integral, 
And the equations are differential. 


By this procedure, called updating, 


A kind of on-line correlating, 
When a product's made in batches, TI 


A he model's continually overhauled 

Great significance attaches Adaptation it is called. 

To how the variables depend 

On time and composition of the blend. 
Exploratory and other systems car 
Also be “adaptive” if they're planned 
Not to change the way they respond 
Though process parameters drift hither and y 


* . 


I've talked of items miscellaneous, 
Important, or perhaps extraneous, 

And ‘though there’s more we could discuss, 
I think I've reached the terminus. 
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Honeywell Bellows Meter brings 


Six of many ways you can use the bellows meter 


As a Recorder or Integrator— Recorders can have one, two As Recording Controllers—You can get recorders with 
or three pens, with the second and third pens actuated by pneumatic ON-OFF, 10% Throttlor, 150% Throttlor with 
thermometer or pressure elements. A single-pen recorder manual reset, or Air-O-Line (150% proportional band- 
is shown above. You can get integration, too. plus-automatic reset) control. A single-pen pneumatic 
Write for Specification S 292-2a. controller with integral bypass is shown above. 

Write for Specification S 292-2a. 














As a Non-indicating Pneumatic Transmitter—Use this As an Electric Transmitter— You can use this ElectriK 
non-indicating transmitter when you don’t need indication Tel-O-Set electric flow and liquid level transmitter with 
at the point of measurement, and when the measured indicators, recorders, and controllers, with data handling 
variable is to be transmitted to remotely located instruments. systems, or with millivolt receivers. Field indication, as 
Write for Specification S 230-1. shown, is optionally available. 


Write for Specification FS 301-7. 
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new versatility to flow or liquid level measurement 


You can use the Honeywell Bellows Flow 
Meter as a recorder, controller, indicator or 
transmitter . . . pneumatic or electric. Use it 
for accurate, low-maintenance metering of 
flow—for steam, water, gas, oil or other 
fluids—or for liquid level measurement. In all 
of its many forms, with all of its performance 
advantages and operating economy, it is the 
most advanced flow and liquid level meter 
available today. 


Some outstanding features: 

Stability— The meter body will operate over an 
ambient temperature range of —40° to 250°F. 
Over a range from —32° to 150°F. the accuracy 
will not change more than 0.5%. 


Leakproof construction—Hydraulically formed 
stainless steel bellows eliminate any chance of 
leakage between fill and process fluid. 


Quick, easy damping— Rectangular orifice pul- 
sation check varies the speed of response over a 


; 9 » i. aecinll me 
As an Indicating Pneumatic Transmitter—Gives you in- ratio of 20 to 1. Adjustment is essentially linear 
dication at the point of measurement, plus pneumatic and can be made from outside the meter body 


transmission. Easy-to-read scale, and large indicating while the instrument is operating. 
pointer. Case is only 4 by 7 by 9 inches. 


Write for Specification S 230-1. Sensitivity and accuracy are well within the 
required limits of measurement and control on 
applications for which these instruments were 


designed. 


Convenience—Change range easily in the field 
by replacing a single range spring assembly. 
The meter body is self-venting when measuring 
liquids and installed below the flow line; self- 
draining when measuring gas and installed 
above the flow line. 


There are models of the Honeywell Bellows 
Flow Meter available in many ranges, for 
every application. Your nearby Honeywell 
field engineer can give you complete details 
and help you select the correct model for your 
application. Call him today. 


MINNEAPOLIS-HONEYWELL, Wayne and Win- 
drim Avenues, Philadelphia 44, Pa. In 
Canada, Honeywell Controls, Ltd., Toronto 
17, Ontario. 


As a Dial Indicator—Six-inch dial indicator gives easy, i 
accurate readings at point of measurement. This meter- Fit Coiteel 
indicator is designed specifically for field indication. WY 


Write for Specification S 224-1. SINCE 16866 


HONEYWELL INTERNATIONAL Sales and Service offices in all principal cities of the world. Manufacturing in United States, United Kingdom, Canada, Netherlands, Germany, France, Japan. 
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Improving Thickness Control 
in Hot Strip Mills 


THE GIST: Significant improvement of hot strip mill yield can be 
achieved through use of automatic gage control. System design is 
based on digital computer analysis of steady state performance 
and analog computer analysis of transient performance. Accumu- 
lated data and experience on such systems indicates a fast payoff. 


R. G. BEADLE and W. E. MILLER 
Metal Rolling Application Engineering Section 
General Electric Co. 


Steel makers can achieve significant cost reduc- 
tions, both for themselves and for steel users when 
they can produce uniformly thick steel strip. To 
improve this product variable, strip mill operators 
are turning to systems engineering to control the 
production of strip. Steel users stand to gain longer 
die life and reduced assembly costs. Steel makers, 
in addition to improving product quality, will be bet- 
ter able to compete with new materials. 

Strip thickness variation through a length of 
coil is caused by the nature of the hot strip rolling 
process. Factors affecting strip production have 
been carefully investigated for a number of years. 
Mill and drive steady state performance has been 
analyzed using digital computer programs, and tran- 
sient performance has been analyzed using analog 
computers. Moreover, distribution curves of thick- 
ness deviation for millions of feet of strip permit 
comparisons for a number of operating conditions. 


Variations in strip thickness 


Hot strip mills such as the six-stand mill shown 
in Figure 1 (and Figure 4) reduce the thickness of 
red hot steel from 1 in. to 0.1 in. Time available 
for reducing the incoming slab is brief—about a 
minute—since the mill can operate at speeds up 
to 3,000 fpm. Value of the annual mill through- 
put is considerable, often exceeding $300 million. 
This provides an incentive to strive for even slight 
quality improvements during the brief time interval 
that a slab is running through a mill. 

Variations in strip thickness are attributed to three 
main sources, as shown in Figure 2. First, tempera- 
ture rundown from the head to the tail end of the 
slab causes a gradual increase in gage from the 
head to the tail end of the strip. Second, the water- 


cooled skids in the reheat furnace produce cold 
spots in the slab that result in additional gage varia 
tions as these cold spots pass through the strip mill. 
Third, the loss of tension at the tail end of the strip 
which starts as the tail leaves the early stands causes 
a variation. ‘These three sources of gage variation 
must be effectively overcome by the control. system 
for production of uniform thickness coil. 

Correction of gage variation caused by thermal 
rundown usually determines the range required in 
the mill control system. The longer the slab, the 
greater the rundown. As slab length increases, more 
range is required in screwdown control and more 
load buildup occurs in the stand drive motors. The 
longer slabs need more regulated stands to reduce 
the control range required in any particular stand. 

The most abrupt gage change ordinarily encoun- 
tered is due to the cold spots that result from the 
water-cooled skids in the reheat furnace. These skid 
marks ustially determine the response speed required 
in a gage control system. If the system is fast enough 
to reduee-the variations resulting from cold spots, it 
will also be fast’ enough to regulate the variations 
from other sources. 

Off-gage at thestail end of a strip due to loss of 
tension occurs abruptly, as shown in Figure 3. This 
can impose severe duty on a control system if no 
other steps are taken to reduce the rates of change. 
Operating a hot strip mill at lower tensin between 
stands will produce less tail-end buildup. To op 
erate with lower, constant interstand tension, the 
mill should be operated with. theension controlling 
loopers up while running ‘strips. 

This departure from usual mill practice both 
reduces tail-end effect and leads to less width varia- 
tion. A tight mill, with loopers down, is easier to 
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FIG. 1. Six-stand hot strip mill that operates at speed 
to 3,000 fpm and whose throughput can exceed $30( 


operate than a loose mill. A slight speed mismatch 
in setup is compensated by high and low tensions. 
But looper position regulators that electrically detect 
looper height and automatically vary the stand motor 
speed to hold the loopers at the proper position 
make loose mill operation easier. The automatic 
loopers, by reducing tail-end effect, simplify control 
of the effect. 


Controlling thickness variations 


‘Temperature rundown and skid marks both cause 
variations in hardness which in turn result in mill 
spring variation and therefore gage variations. In 
controlling this type of gage variation in a multi 
stand mill, the phenomenon of “grow-back” is 
encountered, which affects location of the gage con- 
trol units in the mill. For example, if Stand 2 
screws are operated to cause Stand 2 to produce 
constant gage, Stand 3 still produces gage varia 
tions. Even though Stand 3 receives constant gage, 
it does not receive constant hardness. Thus, the 
gage variations removed in Stand 2 partially grow 
back in Stand 3 and subsequent stands. 

Ideally screw control is placed as close as possible 
to the output end of the mill to minimize grow- 
back. Stand 6 would be preferred since there is no 
grow-back after Stand 6. This, however, is not pos- 
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sible. Stand 6 has small range for contro is the 
shaping stand and takes a light reduction 

Ihe next stand to consider then is Stand 5. Its 
location near the delivery of the mill minimizes 
grow-back. Reduction at Stand 5 has sufficient 
range for gage control. However, even Stand 5 
does not have sufficient range for gage control if 
the hardness variations are significant. For an av 
erage strip of 60 sec, the temperature rundown 
and skid marks produce enough hardness variations 
that automatic gage control on Stand 5 only would 
produce objectionable load changes on the Stand 5 
motor and also could cause a shape problem 

For a 60-sec strip, gage control should be located 
on Stands 4 and 5 at least. Where temperature 
variations are severe or mill stiffness is small, more 
stands should be controlled. For a mill that some- 
times runs slabs of over 120 sec in length, gage 
controls are located in. Stands 2, 3, 4, and 5. In this 
way, load swings are shared over the several stands. 

Once the number and location of gage controls 
has been established, a means of measuring gage 
variations immediately at the stands is required. 
These measurements can be made by interstand 
X-ray gages or by load cells used in a gagemeter 
circuit, as shown in Figure 4. 

Load cells measure roll force and thus the mill 





FIG. 2. Without gage control, mill 
output of strip tends to vary in thickness. 
Dimensions are given in mils 
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THREE CAUSES OF STRIP 
THICKNESS VARIATIONS: 


1. Thermal rundown 
2. Cold spots 
3. Tail-end effect 


FIG. 3. Tension loss occurs as the 
tail end drops out of successive 
stands, increasing delivered strip 
thickness sharply at the tail end. 


spring. As strip hardness increases, the roll force 
increases and the rolls spring apart. This is the 
change detected by the load cells. The gagemeter 
method of detecting thickness variations has two 
advantages—it is rugged and it provides an in- 
stantaneous signal of thickness change. Load cells 
are, however, subject to slow drift. 

X-ray gages are difficult to install between stands 
and are subject to damage. Nor is the control 
as fast in response as one that uses a load cell sensor, 
due to a delay that occurs as the strip passes from 
the roll bite to the gage. To use an X-ray gage after 
Stand 6 to control clear back to Stands 4 and 5 is 
unsatisfactory, because the transport lag is so large 
that the control becomes very slow. Moreover, the 
coil ends are such an important percentage of coil 
length that much of the benefit of gage control 
would be sacrificed by this method. 

Load cells are generally preferred for detecting 
gage variation in intermediate stands. (Four hot 
strip mill gage controls are already in operation 
using load cells and more are being installed.) The 
load cells also improve mill setup and operation. 
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By use of load cells, levelling and setup after a roll 
change becomes more exact, and it is not necessary 
to run a test bar after each roll change: 

Screwdown controls on the intermediate stands 
reduce gage variations but will not necessarily pro- 
duce a perfect final gage for several reasons. First, 
the gagemeter drifts due to roll wear and heating. 
Second, there is some growback in Stand 6. Finally, 
the operator setup may not be perfect. Thus mill 
output is monitored to give a correction signal. 

An X-ray gage at the exit of Stand 6 monitors 
strip thickness and feeds a signal back to the gage- 
meter stands to recalibrate them to correct for slow 
drifts and mill setup errors in order to produce 
correct finished gage. This same X-ray gage also 
operates in a subsystem to correct the grow-back 
occurring in Stand 6 itself. Since the transport lag 
from Stand 6 to the X-ray gage is small, this sub- 
system (shown in Figure 4) has fast response and 
corrects small errors before the over-all monitor 
system operates. ‘The X-ray signal varies looper posi- 
tion and also varies Stand 6 speed, causing slight 
changes in interstand tension. Only a limited range 
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of control is available at Stand 6, but the sub- 
system needs to make only small corrections, since 
it is immediately preceded by Stand 5 which is 
producing a regulated output. 

Long slabs require more stands of screwdown con- 
trol than short slabs. Roll loads on existing main 
drive motors require analysis to select the proper 
gage control system. To perform the analysis, a 
digital computer program is used. The analysis 
includes such parameters as type of steel, slab tem- 
perature variation, mill design, and stand reduction. 
From this study it is possible to determine the 
distribution of increased load necessary to accom- 
plish gage control. 

The gage control system shown in Figure 4 was, 
in fact, designed using all these considerations. The 
system monitors thickness out of several stands and 
operates through screwdown drives. Automatic mill 
speed adjustments hold uniform, low interstand 
tension to assure constant width. The vernier sys- 
tem monitors finish thickness and momentarily 
varies tension between Stands 5 and.6 where width 
is not easily affected. 

With computer control (some installations made, 
some underway) further improvements in yield and 
reductions in operating cost are anticipated through 
improved mill setup, reduction in cobbles, and 
reduced mechanical maintenance. 


NOMENCLATURE FOR FIGURE 4 


SR Speed Regulator 

LC Load Cell 

Ss Screws 

AVS Adjustable Voltage Screwdowns 

AGC-GM_ Automatic Gage Control-Gagemeter System 
LPR Looper Position Regulator 

BB Breaker Block 

L Looper 






































Performance Analysis 


To judge performance of a gage control system, 
the same products were rolled with and without 
automatic gage control (AGC). The performance 
on both heavy and light gage is shown in Figure 5. 
Without gage control on heavy gage, the thickness 
variation is approximately 8 mils. With control, the 
variation is only 3 mils, even including the last 
25 feet of strip. Excluding the piece of tail-end 
strip that leaves Stand 5, variation is only 2 mils. 
On light gage with AGC, the variation band over 
the entire coil is only 2 mils. 

To evaluate on a broader basis than this one 
sample, data was logged on more than 10,000 coils, 
representing more than 10,000,000 ft of strip. Re- 
sults, based on 4,500 coils run before AGC and 
3,100 coils after the AGC was installed, are shown 
in Figure 6. Strip beyond commercial tolerance 

assumed to be 10 mils either side of nominal) has 
been cut from 4 to less than 0.5 percent. Off 
gage on this mill formerly amounted to about 4 
percent; thus yield has been improved by this 
amount. The very uniform gage also permits re- 
balancing and better utilization of over-all plant 
rolling mills. For example, most hot rolled strip is 
further reduced in cold mills. Productive capacity 
has been increased 2 percent by rolling on the plus 


FIG. 4. Automatic gage control system utilizes 

gas 
both load cells and X-ray gages to regulate thickness 
through screwdowns and tension control. 


Monitor 
ntegrator 
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FIG. 5 


Comparative pertormance of 





mill, with and without 
automatic gage control, 
on both light and heavy stock 








Heavy gage, 0.1E0-inch strip at 990 fpm 
































Light gage, 0.095-inch strip at 1550 fpm 


side of nominal. Even though the average thickness 
into the cold reduction mills may be 2 percent 
heavier, the much more uniform incoming gage 
contributes to a gain in productivity on the cold 
mills as well as on the hot mill. By using AGC, 
hot strip output improves by about 6 percent. 
Performance improvement over a span of time 
is plotted in Figure 7. The most marked change 
occurred with the installation of gage control 
(Sept). But gage control alone did not achieve all 
the gains possible. Operator familiarity with the 
system improved output further by December. Per- 
formance over a shorter span of time is shown in 
Figure 8. Some improvement is due to adjustment 


by the operators. Improvement due to gage control 
is significant—the very first coil after a schedule 
change was of better quality than the average of 
all coils produced without gage control, as shown 
in Figure 7 (April). Analysis of other data indicates 
significant differences between crews before gage 
control and insignificant differences after. 

This successful performance results from detailed 
study of rolling mill practice, of comprehensive 
analysis of the process system itself, including plastic 
flow in the roll bite, deflections in the mill structure, 
and characteristics of the control system, and of 
comprehensive process tests to check system op- 
erating range, accuracy and transient response. 
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GAGE CONTROL 
HOLDS DOWN 
THICKNESS VARIATIONS 
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FIG. 6. Distribution of gage deviation 
based on 4,500 coils run before 
automatic gage contro] and 


3,100 coils after control installatio1 


FIG. 7. Mill performance at three interval 
during an eight-month period. Final improvem 
is attributed to increased operator skill 
independent of the gage control 





FIG. 8. Mill performance on the 

first three coils made after a 

change in scheduk 

First coil has more uniform 

thickness than average production 
shown in Figure 7) before gage control. 



































Payoff 


Steel users, such as automobile manufacturers, 
find they enjoy substantial savings in die costs and 
in auto assembly costs by using tighter gage tol- 
erances on steel strip. These cost gains reflect into 
purchaser specifications. 

For stee] producers, AGC increases tonnage and 
vield. More strip is within tolerance on the front 
and tail ends. Off-gage due to skid marks and tem- 
perature rundown is reduced. Cobbles (frequently 
the result of human error in setup, slow operator 
reaction time, and usually occurring on the first 
slab after a schedule change) are reduced. With 
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gage control the mill can be set up faster and 
more accurately. Gage quality on the first coil after 
schedule change can be superior to the average 
quality obtained without gage control. Use of 
loopers to hold constant tension eliminates width 
variation and thus the loss due to side trim. 

An automatic gage control can be paid off in as 
short a period as one year and, estimating con- 
servatively, within three years. Each mill must be 
examined and the system designed to fit mill char- 
acteristics, drive capabilities, production schedules, 
and management objectives. Substantial process ex- 
perience has been accumulated. to assure system 
performance and payoff. 








MINIATURE 
Your choice of B U T 
many auxiliary actuator designs MIGHTY 


... WITH NEW, HIGHER CAPACITIES! This versatile series of basic switches 
combines miniature size with new, higher electrical capacities. Switch cases and 
plungers are available in different plastic materials to meet varying requirements. 
Special high-temperature versions with synthetic mica cases withstand temperatures 
up to 600° F Contact arrangements include double-throw, normally-open or normally- 
closed, with a choice of terminals. Models are available which conform to applicable 
requirements of Military Specification MIL-S-6743.' “V3” Series basic switches are 
especially adaptable to multiple cam-operated gang-mounted systems and are also 
used as switching elements in many of our enclosures and assemblies. See the Yellow 
Pages for the nearby MICRO SWITCH Branch Office or write for Catalog 63. 


Single-pole double-throw 
(With quick-connect terminals) 


Single-pole double-throw 
MICRO SWITCH . . . FREEPORT, ILLINOIS 


A division of Honeywell 


In Canada: Honeywell Controls, Limited, Toronto 17, Ontario 


is | 
Single-pole double-throw H Ho neywell 
(Extra-iong life, mushroom head plunger) HONEYWELL MICRO SWITCH Precision Switches 
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Refiecting Line 
Changes Ratios to Decibels 


Plotting Bode diagrams (log gain versus RL: Le ee rae 
log frequency) from experimental data nor- ROBERT D. GUSTAFSON 
mally requires either special paper with both Massachusetts Institute of Technology 
linear and log scales on one axis or a series of 
slide rule operations to convert amplitude 
ratios into decibels. 

With the reflecting line technique described 
here, the conversion is done graphically on 
ordinary semi-log paper while laying out the 
diagram. Vertical scale, zero point, and hori- 
zontal placement can all be selected to suit 
the curve: To get the peak of a highly resonant 
system on the page, the 0-db line can be set 
low. For a multiple order system with widely 
spaced corners, the scale can be compressed. 

The table shows a typical set of data as it 
might be taken from an oscilloscope with a 
grid screen. Instead of using a slide rule to con- 
vert the amplitude ratios to logarithmic data, 
plot the ratios along the top edge of a piece 
of semi-log graph paper, Figure 1. Make a 
note beside each point indicating the fre- 
quency to which the point corresponds. This 
essentially takes the log of the data graphically. 

The next step is to change this logarithmic nd Sa 
information to decibel values. It is known that 
when the output amplitude decreases to 0.5 
of its original low frequency value, this cor- 
responds to a 6-db drop. Mark off two points: 
The intersection, A, of an arbitrary 0-db line 50 
with the unity amplitude ratio line; and the in- Frequency, cps 
tersection, B, of a line that is a multiple of three 
convenient scale divisions down from the 0-db 
line with the 0.5 amplitude ratio line. The 
ordinate of point B is —6 db, and the decibel 
scale has been fixed. Mark off the left border i Amplitude ratio 
of the graph in decibels and draw a straight 
scale line connecting points A and B. - a ra 

Now lay out the required frequency range |—<ps —+ ttle 60 
along the bottom edge of the graph. Project 
an amplitude data point down to the scale 
line, and then proceed horizontally from that 
intersection to the corresponding frequency. 

This gives one point on the Bode plot. Repeat 
for all points and join them with a curve. 

As another example, Figure 2 was drawn 
from the same data as Figure 1, but the 0-db 
line was moved down and AB drawn with twice 
the slope to double the decibel scale. 
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TYPICAL FREQUENCY TEST DATA 


Frequency Amplitude Frequency Amplitude 
cps ratio cps ratio 





40 00 140 
60 07 160 
80 20 200 
100 49 300 
125 57 400 





Frequency, cps 
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A DP TRANSMITTER 


212T TRANSCOPE® Indicating Flow and DP Transmitter gives you 
all the features you expect from a truly fine DP Transmitter... and the 


only one that can be calibrated linear with flow as well as differential 


pressure without chan ging parts. 


Laylor Lnstruments 
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OF MANY USES! 


New Taylor 212T Transmitter 


is first and foremost a 


superior DP Transmitter... 


The Taylor 212T TRANSCOPE Transmitter is an outstanding 
example of “all this and heaven too”. Basically it is a sound 


DP Transmitter, but when used for flow it can be calibrated 


to give a linear output without additional parts. It’s available 


in indicating or non-indicating models. And with all its 


superior features you pay no premium in price. 


Check the highlights listed here, then call your Taylor 


Field Engineer for a demonstration and write for Bulletin 


98413. Taylor Instrument Companies, Rochester, N. Y., 


and Toronto, Ontario. 


Liquid-filled primary unit means: 

Positive overrange protection. Hydraulic over- 
range protection to full body rating in esther 
direction. 


Isolation of internal parts. Working parts— 
except diaphragms themselves—are exposed 
only to non-corrosive silicone oil. 


Built-in damping. Effective pulsation damp- 
ing occurs at frequencies greater than ap- 
proximately 2 cycles per second. 


Exceptional rangeability. 

Normal range span is 20 to 250” water. 
However, superior design and engineering 
quality permits over-calibration in either 
direction with good performance. 


Mounting and connection versatility for 
any installation. 

Process connections can be at top, at back 
or at bottom. 14" NPT fittings set on 214” 
centers for convenience in piping directly 
to standard orifice flange taps. Universal 


mounting bracket can be secured to stand- 
ard 2” horizontal or vertical pipe, or bolted 
to flat surface. 


Good, clean mechanical design. 

Diagonally split case makes all calibration 
adjustments easily accessible by simply re- 
moving cover. Zero adjustments can be 
made externally. Sturdy, protective case, de- 
signed for field locations. 


PLUS 
Servo power for square root extraction. 
Produces an output directly proportional to 
flow or differential pressure . . . a cost-and 
time-saving feature when applied to com- 
puter control, or ratio and cascade control 
systems. 


Servo power for indication accuracy. 
Powerful servo relay drives tape movement 
to provide indication on a big 1134” scale. 
It eliminates the necessity for externally 
mounted receiver gages. 


MEAN ACCURACY F/RST 
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Open case design provides free access 


for maintenance. 


SPAN ADJUSTAMENT 


TER ADIUSTMEN 


Diagonally split case gives easy access 


for all adjustments. 


Non-indicating model, showing rear 
mounting and bottom process con- 


nections. 
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Pneumatic Logic-l 
HARDWARE AND BASIC FUNCTIONS 


THE GIST: The idea of pneumatic logic isn’t new, but over the years compressed air 
has usually ended up as a source of power. The few logical applications have been 
mostly one of a kind, created by users out of necessity when other techniques didn’t 
work or were too expensive. This series is primarily a collection of practical 


air circuits to demonstrate how pneumatics can combine logic and actuation. 
Here, the author assembles 21 AND, OR, NOT, TIMING, and MEMORY circuits from 
eight basic valve types. Future articles will feature machinery control and 


material handling applications, cycling, pressure control, and special purpose valves. 


E. L. HOLBROOK 
Barker Instrument and 
Machine Co., Inc. 


FIG. 


FIG 
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1. 


> 


Typical 3 and 4-way valves 


Check 


> 


nd choke valves 


Control engineers who normally 
think in terms of electrical or elec- 
tronic means could sometimes do a 
better job by using pneumatics. A 
great deal is made of air’s supposed 
limitations as to speed, power, accu- 
racy, etc. Granted, electricity moves 
at the speed of light whereas pneu- 
matic signals move at a speed near that 
of sound, but in many control appli- 
cations high transmission speed is un- 
important. Heavy machines cannot 
move as fast as any contro] system can 
put out signals, and where operations 
must be sequenced, extra delays must 
be built into even a pneumatic system. 

The division between air and hy- 
draulics is usually based on the amount 
of force required, but air controlled, 
hydraulically powered cylinders have 
opened many areas of controlled mo- 
tion to compressed air. Pneumatic 
servos can accomplish precise and rea- 
sonable positive positioning against 
varying forces, and all the usual logic 
functions can be performed with pneu- 
matic devices. 

Furthermore, a pneumatic system 
has certain advantages: With air there 
is no fire or shock hazard. No return 
lines are required, and leakage will not 
create a hazard or a mess. The me- 
dium is always available. There are 
few or no problems from temperature 
changes. Most failures give ample 
warning, such as a slowing down, and 
the system continues to function until 
repairs can be made. 


Valves and their symbols 
The circuit diagrams to be pre- 


sented are devoid of unnecessary de- 
sign details so that the control story 


can be followed clearly. Figure 1 il 
lustrates the symbols that will be used 
for standard air piloted, spring return 
3-way and 4-way valves and a 3-way 
valve with a diaphragm and extra port 
Line 3 of the regular 3-way valve is 
normally connected to line i, and line 
2 is blocked. When line 4 is pres 
surized, 3 is connected to 2, and | 
is blocked. In the 4-way valve, line 
3 is normally connected to line 1 
(shown vented to the atmosphere 
and line 5 is connected to line 
When line 6 is pressurized, 3 is con- 
nected to 2, and 5 is vented through 
4. Instead of being air piloted, these 
valves can be operated by a cam, han 
dle, push button, solenoid, or foot 
pedal. Instead of a return spring, 
valves can have the same or different 
operators on each end. In the dia 
phragm valve also, 3 is normally con- 
nected to 1. If line 4 but not line 5 
is pressurized, 3 is connected to 2, 
but if both 4 and 5 are pressurized 
the spring will keep 3 connected to 1. 
Other common valves are shown 
schematically in Figure 2. The flow 
control valve allows free flow in the 
direction of the arrow and controlled 
flow in the opposite direction. The 
non-return check valve allows free 
flow in the direction of the arrow and 
no flow the opposite way. The choke 
restricts flow in either direction. Ait 
entering port 1 of the double check 
(shuttle) valve pushes the valve over 
to seal line 2 and moves on into 3 
Likewise, air applied to 2 will flow 
into 3 and seal off 1. Pressure applied 
to the reverse double check valve, as 
it is generally known in railroad serv 
ice, through line 1 connects 2 and 3; 


pressure in 2 connects | and 3. 
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AND : — 2. REVERSE DOUBLE CHECK VALVES can also be used in AND 
FUNCTION circuits. The first input line (1, 2, or 3) to be pressurized 

¢ sets a valve to allow pressure from another line to pass on 
through. The last input applied is the one that reaches output 
line 4. 














1. AIR-PILOTED 3-WAY VALVES can be hooked up to provide 
the AND function. Lines 1, 2, 3, AND 4 must all be pressurized 
before pressure from line 1 can feed into line 5. With slightly 
different piping any of the input pressures can be routed 
to the output line when all inputs are pressurized. 














3. TWO-HAND PRESS CONTROL for protection against accident 


uses two 4-way valves in an AND arrangement. Normally the 
piston in C is held down by pressure through lines 1 and 4. 
Before the piston can move up, valves A AND B must both be 
actuated, routing air through line 2 to line 5 and venting line 4 
via line 3. If A only is actuated, supply pressure flows into line 
2 but is blocked at valve B. If B only is actuated, there is no 
pressure in line 3 to connect to line 5. In either case, the piston 
is held down by pressure trapped in the cylinder. 





























4. THREE-HAND SAFETY APPLICATION circuit uses 4-way and non- 
return check valves. Valves A, B, AND C must all be depressed 
to pressurize line 1 and move the piston up. Any one that isn’t 
vents line 1 to the atmosphere. The check valves are to keep 
the top end of the cylinder from venting through lines 3 and 4 
when B only is depressed and through 3, 4, 5, and 6 when A and 
B only are depressed. 
































NOT FUNCTION 


5. BASIC NOT CIRCUIT (A) uses 3-way, spring return valve. As long as line 1 
is NOT pressurized, line 2 is connected to line 3. Putting pressure in line 1 
will block off line 2 and vent line 3 to atmosphere. With a double-piloted 
valve (B) an air spring replaces the mechanical one. The advantage here is 
that the pressure in line 4 can be varied to set the pressure at which the 
valve operates. One reducing valve in line 4 can provide air spring return 
for several NOT valves like (B). 








6. CROSS-RELAY PROTECTIVE SYSTEM is used where damage might result if 
two output lines were pressurized at the same time. Otherwise, a control 
valve with a neutral position for venting both lines would be required, and 
the operator would have to pause in this position. As shown, output line 4 
is pressurized through line 2 and valve C. This same output pressure actu- 
ates valve B, venting output line 3 to atmosphere. When valve A is operated, 
air rushes into line 1 but is blocked at valve B. Meanwhile the output 
pressure is venting through line 2 and valve A. Only when this pressure has 
dropped to a relatively low value (depending on the spring in valve B) does 
B move to connect line 1 to output line 3. Valve C then operates, providing 
a vent for the remaining air in line 4 and blocking off line 2 in readiness for 
another reversal. 
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OR 
FUNCTION 





7. SHUTTLE VALVES make simpie OR gates. Pressure in any 
one of input lines 1, 2, 3, OR 4 seals off the remaining inputs 
and continues on into output line 5. In this way any of 
several valves could actuate one cylinder. 








J 

8. DOUBLE-PILOTED 3-WAY VALVES can also provide the OR 
function. Pressure in line 1 moves the piston of valve A to 
the right so that the same pressure can flow through and do 
the same thing to valves B and C, coming out in line 5. 
Pressure in lines 2, 3, OR 4 will also produce an output in 5. 











9. THREE-WAY SWITCH uses a 
form of OR circuitry. The 
piston in C can be actuated by 
either of 4-way valves A or 
B, mounted in separate loca- 
tions. As shown, supply air 
flows through B into line 1 and 
through A into line 2 and the 
right end of C. The left end of 
C has been exhausted through 
line 3, valve A, line 4, and 
valve B. Operating either A 
OR B will move the piston to 
the right, and no matter which 
way valves A and B are left, 
either will move the piston to 
the opposite position. 
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10. BLEEDER SYSTEM allows control valves A, B, OR C to move 
the piston in D in one direction and valves E OR F to move 
it back. As shown the system is stable because reduced pres- 
sure is supplied through chokes G and H to both ends of D. 
Pressing valve A, B, OR C.vents line 1 and causes a pressure 
drop at the left end of A. The piston then moves to the 
left and stays there when A, B, or C is released. If E OR F 
is now actuated, pressure in line 4 will be vented faster than 
it can be replaced through H, and the greater pressure in 
line 1 will return the piston to the position shown. 








TIMING 














11. A CONTINUOUS SIGNAL in line 1 connects lines 2 and 4 for a set time. 
The signal actuates valve A, connecting line 2 through line 3 to line 4. It 
also causes pressure to build up slowly in the volume and line 5 through 
flow control valve C. When this pressure is sufficient to move the pilot in B 
against the spring, line 4 is vented and line 3 is blocked. 








12. A MOMENTARY SIGNAL in line 1 passes through flow control valve A 
into line 2 and the volume. This air is trapped by the flow control valve and 
actuates valve B connecting line 3 to line 4. The connection is maintained 
as long as the pressure in line 2 is enough to hold down valve B, so the timed 
interval depends on the choke area setting in A and on the volume. After 
this interval, valve B releases, venting line 4 and blocking off line 3. To 
interrupt a continuous flow for a set time the connections on the left of 
valve B can be reversed. 























13. TWO-CYCLE TIMING CIRCUIT provides four piston 
motions and three timed intervals. When valve A is 
operated, pressure flows into line 1, line 4, and 
through shuttle valve K into line 5. Since line 6 is 
vented through shuttle valve L and valve |, the 
piston in M moves to the right. Meanwhile, pres- 
sure builds up in volume D through flow control 
valve B, and after a pre-set interval this pressure 
actuates valve C. This valve vents lines 4 and 5 
and the left end of the cylinder. Pressure flowing 
into lines 3 and 9 pushes over shuttle valve L and 
proceeds into line 6, pushing the piston back to the 
left. After another interval, enough pressure builds 
up ‘in volume G through flow control valve E to 
actuate valve F. This vents lines 9 and 6 and the 
right end of the cylinder and puts pressure into 
line 7 through line 11. This flows through shuttle 
valve K into line 5 and pushes the piston to the right 
since line 6 is now vented through valves L and F. 
After a third timed interval, set by flow control 
valve H and volume J, valve | operates, venting lines 
7 and 5 and the left end of the cylinder, pressurizing 
lines 8 and 6, and returning the piston to the left. 









































14. SIMULTANEOUS VALVE ACTION is difficult to achieve perfectly without 
a mechanical connection between the piston rods, but it can be approached. 
Relay valves B, C, and D are located next to cylinders connected to lines 
1, 2, and 3. If the piping between control valve A and valves B, C, and D 
is identical in distance or volume, the three relay valves should trip at the 
same instant. Supply pressure then enters lines 1, 2, and 3 at the same 
time, and all pistons, varying slightly due to friction, move at about the 
same time. If the piston rods are mechanically connected, this circuit will 
minimize the binding action that could occur if one piston moved ahead of 
another. 


15. SERIAL VALVE ACTION circuit operates relay valves B, C, and D in that 
order, applying pressure to cylinders connected to lines 1, 2, and 3 in 
turn. As line 1 is getting pressure, relay valve C is being tripped to put 
pressure in line 2 and trip valve D, etc. As shown, the serial action is 
rapid, but flow control valves can be inserted in the pilot lines (*) to pro- 
vide any delay required. 








MEMORY 






































16. SIMPLE MEMORY relies on friction to hold a double-piloted 
A momentary signal 
in line 1 moves the piston downward connecting line 2 to line 
3. This position is maintained until a momentary signal in 
if the connections on the left are 
reversed, a signal in line 1 interrupts rather than starts flow. 


spool valve in either extreme position. 


line 4 resets the valve. 
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17. TWO-CONTROL STATION TRANSFER circuit with spool valve 
directs pressure to either station X or Y and at the same time 
vents the other. As shown, Y is pressurized and X is vented. 
lf control valve A is actuated momentarily, supply pressure 
will flow through lines 1 and 2, pushing the piston in valve C 
to the right. This vents station Y and sends pressure to sto- 
tion X. This condition will remain when valve A is released 
and until valve B is depressed to restore pressure at station Y. 

















19. LOCK-UP 2-CONTROL STATION TRANSFER 
uses basic circuit of 18. As shown, station 
Y is pressurized and station X is vented. Op- 
erating control valve A routes pressure 
through lines 1, 2, and 3 to actuate valve 
H. This valve vents station Y and the pres- 
sure holding down valve G. Meanwhile, the 
pressure in line 2 pushes over the shuttle 
in B and flows through line 4 to actuate 
valve C. This valve then sends supply pres- 
sure into line 5, through valve H, and into 
station X and line 6. As soon as valve A 
is released, the pressure in line 6 pushes 
shuttle F back to the left, flows into line 4 
and locks down valve C. Pressing valve E 
momentarily will now reverse the situation, 
unlocking valve C, venting station X, and 
pressurizing station Y. 


18. LOCK-UP ACTION results from a momentary signal in line 1 which flows 
through shuttle valve A and line 2 to actuate valve B. This valve connects 
supply pressure coming through valve C and line 3 to line 4. As soon as 
the signal in line 1 is removed and that line is vented, the pressure in line 
4 pushes shuttle A to the left and takes over holding down valve B. This 
self-locked situation will continue until an unlock signal in line 5 actuates 
valve C which removes pressure from lines 3 and 4 and vents them. 









































21. DIAPHRAGM VALVE 2-CONTROL STATION 
TRANSFER circuit is drawn with station Y 
pressurized and station X vented. Control 
valve A, when pressed, sends pressure from 
line 1 through lines 2 and 3 to release valve 
F and vent station Y. The pressure in line 2 
also pushes shuttle B to the left, flows into 
line 4, and operates valve C (line 5 being 
vented through valve D). Supply pressure 
is then connected to station X and is avail- 
able in line 6 to lock down valve C as soon 
as A is released. Pressing valve D will return 
the circuit to the state shown. 


20. DIAPHRAGM VALVE LOCK-UP circuit is locked by momentary pressure 
in line 1. This passes through the shuttle valve A into line 2 and actuates 
valve B, connecting the supply to line 3. As soon as the lock signal ends 
and line 1 is vented, the pressure in 3 pushes shuttle A to the left and 
locks down valve B. Momentary pressure in line 4, assisted by the spring 
in valve B, will unlock the circuit, closing off the supply line and venting 
line 3. 








——-—@—---4. 
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HOT GAS CONTROL SYSTEMS-—IIl 


Using Reaction to 
Control Vehicle Attitude 


THE GIST: Vehicles operating in space where ine atmosphere is too thin 
cannot use aerodynamic surfaces for control. But the reactive force 
produced by gas discharges through expansion nozzles can correct the 
orbit and stabilize the attitude. Thrust requirements range from only 
a fraction of an ounce for orbit corrections to several hundred pounds 
for venier rocket control of large boost stages. Stored gas systems are 
useful for low total impulse applications, while liquid monopropellant 
and bipropellant and solid propellant gas sources fit other needs. Such 
systems have been designed and have operated successfully, notably in 
the Scout missile, pictured below. 


K. A. TRAYNELIS 
D. L. RYAN 
Walter Kidde & Co., Inc. 


Many forms of reactive control systems are avail- 
able to the designer. Selecting an optimum system 
appears to be formidable. To choose, the designer 
must consider a variety of requirements: total im- 
pulse, thrust level, response time, environmental 
conditions, weight, volume, reliability, storage, and 
operating life. Other factors in the system choice 
are the propellants available in the vehicle, heat 
sink requirements that may be met by cryogenic 
fuels, and cost. But first, here are the basics of ve- 
hicle attitude control by reaction. 


How reactive control works 

One reactive control system may call for as many 
as 12 fixed reaction jets for pure translation and 
for rotation without translation. For any one axis, 
four reaction jets are placed about the center of 
gravity. When opposite pairs are fired, the pure 
torque couple produced rotates the vehicle. Transla- 
tion is produced by firing two reaction jets in the 
same direction. 

Analysis can be simplified if the equations of mo- 
tion are reduced to eliminate the effects of several 
bending modes of the structure, changes in mass 
and mass distribution, fluctuations in propulsive 
forces, etc. As a typical example, the equation for 
yaw axis control of a space vehicle is 
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1, 82. = Tz; 
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where I, is the mass moment of inertia about the 
vehicle’s yaw axis, T, and T, are the thrust outputs 
of the fore and aft reaction jets, and x, and x, are 
the moment arms of the fore and aft jets from the 
center of gravity of the vehicle. 
Since pure rotation is assumed and the reaction 
jets will always fire in opposite parts, then 
dw pe 
I; * Tx 
Attitude control system design depends on 
whether the vehicle is an orbiting satellite or a sound- 
ing rocket. Normally an attitude feedback and the 


first derivative of attitude or attitude error will pro- 
vide the proper response with sufficient damping 
for stability (Ref. 1) 

An interesting special case of attitude control i 
Pig linking of one space vehicle to an- 


other (Ref. 2). For this setup angular rate is chosen 
as the ponent variable since angular acceleration 
command requires great skill of operator and wastes 
fuel. ‘The system control equation then is 
T. = Ku.c 

where T, command thrust level, », — yaw rate 
error, and K,, = transfer gain. The yaw rate error 
signal comes ‘from the difference between the yaw 
rate as measured by a rate gyro and that commanded 
by the pilot. 

From an analysis of this simple dynamic equa- 
tion, assuming no great nonlinearities or large time 
lags, the maximum commanded yaw rate is y 

T moot 


a r{l — exp (—t/r)] 


I; 
Rua 


we 


where ‘= 


With ono, and K,, known for a given system and 
the other parameters fixed for the vehicle, the max- 
imum thrust Tyne. allowed by the system can be 
determined as a function of time. Total impulse is 
the more practical parameter. The thrust level and 
application time are determined from practical con- 


siderations: supply pressure, time constant, etc. 

Although the design problems for reaction motors 
are similar to those for rocket propulsion engines, 
lower thrust and intermittent duty introduce dif 
ferent design considerations. Some controls operate 
semicontinually, pulsing for fractions of seconds for 
extended periods. Others operate continuously for 
several seconds or even minutes. Some satellite 
systems require intermittent pulsing spaced days, 
weeks, or even months apart for more than a year. 

Despite the wide thrust level and operating cycle 
requirements, the reaction control system is sur- 
prisingly simple. A basic system is a gas supply, 
control valve, and expansion nozzle. More sophisti 
cated arrangements include gas pressurization tanks, 
propellant storage tanks, arming valves, pressure 
regulators, control valves, decomposition or com 
bustion chambers, and multiple nozzles. In extreme 
cases, the reactive control may be more complex 
than a bipropellant rocket engine. 


Control method and propellant choices 


Reactive systems are classified by the method 
impulse control and the propellant used. ‘The most 
common impulse control is bang-bang, or on-off, 
solenoid valve control of a fixed level reaction thrust. 
Guidance signals modulate thrust by varying the 
pulse duration | pulse width modulation) or by vary 
ing the frequency of a pulse of fixed duration (pulse 
frequency modulation). In step level systems, the 
thrust motor operates at several thrust levels. This 
system is seldom used because of its complex con 
trol valving. A more economical variable thrust 
approach uses a proportional valve system. 

Selection of the thrust control mode is influenced 
by the tightness of control necessary to maintain an 
allowable flight pattern, the accuracy and response 
of the guidance system, and the size of the disturbing 
forces that the vehicle will encounter. 

Reaction gases are obtained from stored gases, 
solid propellants, or liquid monopropellants or bi 
propellants. Each category includes several gases 
or fuels, each with specific advantages. 

¢ Stored gas systems—T'his system, Figure 1, is the 
simplest and most reliable. Direct expansion of 
compressed gas produces the reactive thrust. This 
simple approach appeals to the designer since it 
requires the least cost for reliable hardware and no 
large system development costs. 

The cold gas thrust motor consists of a control 
valve and expansion nozzle. No combustion or de- 
composition chamber, required in a monopropel- 
lant system, is needed between the valve and nozzle. 
Therefore, response time is equal to or better than 
that of other systems, since it is primarily the time 
required to operate the valve. Available standard 
pneumatic valves operate in 5-10 millisec. Shorter 
response time designs can be made for low thrust. 

At first glance, the stored gas system would seem 
overwhelmingly attractive compared to alternate 
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methods. However, consideration of primary param- 
eters—total impulse, thrust level, and envelope— 
reveals serious limitations of system application. 

The specific impulses of cold gases appear com- 
parable to those of solid propellants and liquid mono- 
propellants, and even bipropellants. For example, 
the specific impulse of hydrogen is 290 sec; for 
helium, 168 sec. these values compare favorably 
with those for other propellants. The disadvantage 
appears in the density impulse, that is, the impulse 
available per unit volume of storage system. lhe 
density impulse for gases is low, even when they are 
stored at high pressures. ‘his factor limits stored 
gas systems to low total impulse applications, below 
700 ib-sec. But where extremely high reliability is 
essential the increased weight of a stored gas sys- 
tem may be tolerable. 

In Figure 2, the tankage weight plus propellant 
weight tor several stored gas systems as a function 
of -their total impulse is compared. ‘lhe data are 
based on 3,300-psi stored gas pressure and 300-psi 
thrust nozzle pressure. The large tanks required 
for these systems might represent serious envelope 
problems for some vehicles. Figure 2 also compares 
a typical solid propellant and monopropellant and 
bipropellant liquids. 

Nitrogen has a specific impulse of only 
low compared to hydrogen and helium. 
shows that, 


71 sec, 
Figure 2 
depite this low impulse, a nitrogen 


system would be the lightest of the three for the 
same total impulse because nitrogen has a higher 


density. Weight comparison reveals that nitrogen 
competes well against any other gas. ‘The vast expe- 
rience with nitrogen and its handling ease make it 
more attractive than other gases that may offer only 
a few percent weight saving. 
Thus nitrogen is considered the 
basic medium for stored gas 


drazine, make them desirable for long duration 
flights, which require large turndown ratios (peak 
to minimum thrust), high local ambient tempera- 
tures, and restarts in flight. Hydrogen peroxide was 
specified for the Scout reactive contro] system, for 
example, because: 1) the valving is relatively simple, 
2) catalytic restarts are reliable, 3) this monopropel- 
lant has been used successfully for many years in 
auxiliary power units, and 4) the necessary safety 
precautions are well known. 

Hydrazine shares many of the hydrogen peroxide 
advantages, in particular, the clean decomposition 
products, low flame temperature, and high gas gen- 
erating efficiency. The gaseous products are suitable 
for pneumatic bearings, which can be used in rotary 
actuators and gyros in an integrated attitude control 
system. Freezing point depressants have practically 
removed low temperature limitations. Currently, 
hydrazine use is limited by the number of reliable 
catalytic starts obtainable from a catalyst bed. De- 
velopment work is aimed at removing this difficulty. 

*Solid propellants—These propellants are attrac- 
tive for systems requiring fairly constant thrust 
during short, uninterrupted duty cycles. For these 
conditions the solid propellant system saves signif- 
icant weight over stored gas and liquid propellant 
systems. The low system weight for the typical 
solid propellant in Figure 2 comes primarily from 
the high specific impulse of solid propellants. Weight 
is not the only factor, though. For instance, where 
low thrusts are required, nozzle throats are small 
and plug easily. Clean-burning solid propellant 
grains produce particles that do not generally cause 
trouble, but residual material from the inhibitor 
and unburned portions of the grain can easily plug 





control systems. 

¢ Liquid propellants—Of the 
two kinds of liquid propellants— 
monopropellants and_bipropel- 
lants—the former are favored for 
simplicity and reliability. From 
the hydrogen peroxide and hy- 
drazine systems data in Figure 2, 
it can be seen that for total im- 
pulse in thousands of pound- 
seconds, the stored gas system 
cannot compete in weight com- 
parison. However, note that the 
lighter bipropellant system gives 
increased performance at high 
total impulse, but only at the 
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expense of increased design com- 
plexity and a tendency to lower 
reliability. 





5 6 7 
Total impulse, thousands of ib-sec 








Many features of the monopro- 
pellant generators, such as those 
using hydrogen peroxide and hy- 
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FIG. 2. Weight comparison, based on total impulse, 
of three stored gas systems, three liquid propellant 
systems, and a solid propellant reactive control. 





small nozzles. Screens are used to prevent this. 
Envelope requirements may rule out solid pro- 
pellants. The length of an ordinary end-burning 
propellant grain is determined by the duty cycle 
time; the diameter, by the flow or thrust level re- 
quirements. For long operation, single grains would 
be extremely long. These grains might require an 
unacceptable envelope. ‘Tandem or multiple igni- 
tion of several grains solves the installation problem 
but reduces the reliability. ‘The grain must be sized 
for the maximum flow. In system design the grain 
length is generally based on the maximum tempera- 
ture to guarantee adequate power for the operating 
time. This design is not economical of energy since 
the hot gases produced, but not used as working 
fluids, must be vented overboard. The nature of 


Fill or drain 
valve 


solid propellant grain combustion requires continu- 
ous operation since multiple starts have not yet been 
made practical. 

However, when operating time is only a few 
moments and thrust levels are moderate and uni 
form, solid propellants produce the lightest reactive 
control system. Generally these systems are the 
simplest and lightest for applications where gas 
economy is not critical and the turndown ratio is 
only slightly greater than unity. This restriction 
arises from the present difficulty of controlling the 
burning rate. Solid propellant combustion is almost 
universally initiated by electrically fired pyrotechnic 
squibs. To reach the operating pressure rapidly, 
most igniters evolve sufficient gas to start propellant 
burning and fill the free volume at operating pres- 
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FIG. 3. Hydrogen peroxide attitude control 
system similar to that of the Scout missile. 
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FIG. 4. Second stage of the Scout with 
reactive control elements installed. 
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FIG. 5. Third stage of the Scout with reactive 
nozzles for pitch and yaw and for venier control 
and roll stabilization. Fuel tank is at upper 
right, pressurizing nitrogen tank at upper lett 
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FIG. 6. Typical response time 
for the 44-lb thrust motor. 
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Vehicle 
Performance 


Reaction Control 


Vehicle Date Objective Performance 





Scout ST-1 1960 Simulated probe Partial success (human 


Scout ST-2 . 1960 
radiation 


Scout ST-3 . 1960 


Blue Scout D-3 . 1961 
radiation 


Scout ST-4 - 1961 


Blue Scout D-4 1961 
radiation 
Blue Scout D-5 1961 
radiation 
Blue Scout D-6 1961 


(New Configuration) radiation 


Simulated probe— 
Orbital mission 
Simulaied probe— 
Orbital mission— 
balloon satellite 
Vertical probe— 


Vertical probe— 


Vertical probe— 


Completely successful. 
error) Roll thrust increased 
Completely successful Completely successful 
Unsuccessful. Second 
stage did not ignite 


Completely successful 
Completely successful Completely successful 


Completely successful. 
Explorer IX in orbit 


Completely successful 
Completely successful Completely successful 
Completely successful Completely successful 


Ou: of contre! after 
2nd stage ignition 


Report not yei final 





sure. Some propellant grains tend to burn with a 
slightly irregular surface, resulting in an effective 
burning area greater than the cross-sectional area 
of the charge. If the designer has reliable test in- 
formation on burning contour, he can shape the 
initial burning surface to provide uniform gas flow 
and make optimum use of the grain. 

The thrust control method does not dictate the 
propellant selection, although the propellant does in- 
fluence the remaining system parameters. For ex- 
ample, if proportional control is specified for a 
motor that operates over wide thrust levels, a stored 
gas system might be best since it does not have 
minimum decomposition pressure limits, as do solid 
and liquid propellants. 


Typical reactive control systems 

Three hot gas reactive control systems, using dif 
ferent fuels, are presented below. Each system con- 
tains a controllable hot gas generator, valves, and 
thrust nozzles as basic components. Fast operating 
solenoid valves direct either liquid propellant to the 
decomposition chambers or hot gases to the thrust 
nozzles. ‘The vehicle guidance system pulses the 
valves to control vehicle attitude. 


Hydrogen peroxide system 


A valve controlling the propellant flow to the 
decomposition chamber, containing a cold catalyst, 
is the only control needed for hydrogen peroxide 
systems. Because of this simplicity and the ease of 
repetitive catalytic start, 90-percent hydrogen _per- 
oxide has been used in many hot gas systems. 

The typical system in Figure 3 is similar to the 
Scout missile design. Firing the squib valve opens 
the nitrogen line to the fuel tank and thus arms the 
system by supplying regulated nitrogen pressure to 
the fuel tank bladder. The pressure delivers the 
fuel to a manifold to which the thrust motors are 
attached. When the solenoid motor control valves 
are opened, the peroxide passes over the catalyst bed 
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where it decomposes. The hot gas products expand 
through the nozzles, producing thrust. A relief 
valve and safety disc protect the fuel tanks from 
overpressurization. 

he attitude control systems of both the second 
and third stages of the Scout missile use this kind 
of monopropellant system. Figure 4 shows the sec- 
ond stage attitude control system in the missile 
shell. Pressurizing nitrogen is contained in the two 
half-torus cylinders nearest the shell opening and 
iz. two of the 12 cylindrical tanks deep in the missile 
interior. The other 10 tanks hold hydrogen peroxide. 
Four 500-Ib thrust pitch and yaw reaction motors 
are mounted at 90-deg intervals just aft of the fuel 
tank section. Solenoid valves controlling propellant 
flow to the motor chambers are attached to each 
chamber through a short section of stainless steel 
tubing. Four 24-lb thrust roll motors are mounted 
in pairs, back to back, between the two horizontal 
500-Ib thrust motors and the nitrogen torus. 

The much simpler and smaller attitude control 
system of the Scout’s third stage is shown in Figure 
5. Pressurized fuel is fed to the 44-]b thrust nozzle 
for pitch and yaw control and to the 2.2-Ib thrust 
nozzles for vernier control and roll stabilization. 
Three of the latter are mounted below the 44-1b 
thrust nozzle on the left of the missile structure. 

A typical pulse output for the 44-lb thrust motor 
is given in Figure 6. The response time and relation 
between chamber pressure and thrust will be ap 
proximately the same for any of the various size 
motors discussed above. Thrust magnitude varies 
with the size of the motor and pulse length, and 
the pulse length is controlled by the guidance system. 

The box above gives a rundown on the Scout mis- 
sile firings to date and shows the successful perform- 
ance of the reaction control system. 


System using hydrazine fluid 


In the typical hydrazine reactive system of Figure 
7, a modulating fuel valve controls the flow of fuel 
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FIG. 7. Reactive control system 
using hydrazine fuel. 
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FIG. 8. Typical pressure-time decay 
for tested hydrazine system. 



































Gas generator 
a 


Squib igniter 


~~ Rupture disc 
—=_ 
Antireaction 


relief valve 





= 





eee nozzles and 
control valves 








FIG. 9. Solid-propellant-powered yaw 
and pitch stabilization control system. 


to the gas generator, thus controlling thrust as well 
as limiting the supply of fuel to the gas generator 
on startup. This modulating assembly consists of 
a pressure actuated fuel valve and a normally closed 
hydrazine metering valve with torquemotor drive. 
On startup the hydrazine metering valve opens to 
an intermediate position and sprays fuel through 
the fuel injector into the gas generator at a rate 
programmed to give reliable decomposition initia- 
tion. Decomposition is achieved in milliseconds by 
the energy release of a pyrotechnic squib igniter. 
The pressure actuated fuel valve opens whenever 
the accumulator pressure falls below a minimum 
and closes when this pressure reaches a set maxi- 
mum. After the initial decomposition the gas gen- 
erator is maintained in self-starting condition by the 
pressure control. Although decomposition initia- 
tion is a function of temperature, the temperature 
cannot drop below the value corresponding to the 
minimum system pressure. A typical pressure-time 
trace for a test system operating through a controlled 
pressure range of 50-100 psig is given in Figure 8. 
The graph clearly shows the magnitude of the mani- 
fold pressure decay during repeated system demand 
for low thrust pulses. It also indicates the restora- 
tion of system pressure as a result of a decomposi- 
tion restart and shows the short fuel injection period 
and negligible pressure overshoot during restart. 


Solid propellant system 


A yaw and pitch stabilization control system using 
reaction supplied by solid propellant hot gases is 
shown in Figure 9. On electrical signal the squib 
igniter initiates combustion of the grain in the gas 
generator. The generator chamber pressure increases 
rapidly until the rupture disc bursts, allowing the 
hot gases to pass to the inlet ports of the normally 
closed on-off solenoid valves. System protection is 
provided by a relief valve discharging through a 
nonreaction fitting. The vehicle guidance system 
pulses the on-off solenoids as required to meter gas 
flow to the appropriate control nozzles during the 
burning time of the grain. 
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Information 


Information System Controls Plant 
Over 500-Mile Data Link 


In one of the most thorough applications to date of IBM’s management operating 
system (MOS) concept, Electric Autolite management is running their newest 
manufacturing plant in Alabama with a computer at their Toledo headquarters. 
The 500-man plant has only two part-time accounting machine operators, with 
payroll and general accounting being done at Toledo as well as production schedu- 
ling, inventory control, and materials planning. 


ROBERT H. BAYER, The Electric Autolite Co. 


An in-plant data collection system and daily two- 
way card-to-card data transmission enable a com- 
puter at headquarters in Toledo, Ohio to do all 
materials planning, inventory control, and produc- 
tion scheduling for Electric Autolite’s newest plant 
in Decatur, Alabama. The Decatur plant began op- 
erations early this year and will be producing more 
than 1,300 automotive and industrial electric items 
by early summer. The entire manufacturing cycle, 
as well as payroll and other accounting functions, 
is processed by the headquarters computer. 

The decision by Electric Autolite Co. to use IBM’s 
management operating system (MOS) approach to 
improve manufacturing operations stemmed partly 
from previous experience with the RAMAC 305 in 
parts and service operations, and preceded plans to 
move production of distributors, regulators, and 
other items to Decatur. Data transmission made it 
possible to move the plant without its new computer, 
which was installed at Toledo so that the experi- 
enced staff could control the Decatur operation. 

Thus an electronic computer 500 miles away con- 
trols a plant that uses more than 500 kinds of raw 
materials, 1,200 purchased parts, and about 4,000 
fabricated pieces. In fact, the new factory’s machine 
accounting department has only a few low-cost ma- 
chines manned by two operators who also devote 
some time to other duties. The clerical staff in the 
500-man plant is therefore far below the average 
12.6 percent currently reported by the Bureau of 
Labor Statistics. 


How the system works 


Complete inventory records for all parts and raw 
materials, about 8,400 bills of material, manufac- 
turing layout sheets covering each step in the manu- 
facture of every product, and master employee and 
earnings records are stored magnetically on rotating 
discs and are instantly available for use in the 
various manufacturing phases. With all this data 
stored, RAMAC is ready to process an order. 

Customer order information is punched into cards 
at Decatur and transmitted to Toledo by a card-to- 
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card transceiver, see Figure 1. RAMAC first deter- 
mines if the order can be filled from stock and the 
delivery date met. If so, the computer punches out 
cards to acknowledge the order. It also stores infor- 
mation for later use in preparing shipping docu- 
ments in accordance with the delivery schedule. 
Simultaneously, it adjusts all affected inventory 
records on the storage discs. 

When sufficient inventory of the ordered item is 
not on hand, RAMAC locates the appropriate bills 
of materials in its storage discs, and tests the inven- 
tory records of all component parts and subassem- 
blies to determine what must be manufactured, what 
is on hand, and what must be purchased to complete 
the order. It builds up the material requirements, 
including raw materials, and updates the inventory 
records. Punched cards guide the purchasing de- 
partment in buying needed material. 

At the same time, the computer refers to the 
part routing data (manufacturing layout sheets) 
and assigns the parts and assemblies to be manu- 
factured to their proper place in the plant produc- 
tion schedule. All relevant factors are considered. 
For example, if one part of the plant will be over- 
loaded, RAMAC may move a job to a different time 
period, or priorities may be reviewed and realigned. 
If overtime must be authorized, or a new delivery 
date negotiated, it punches cards to draw attention 
to the necessary corrective action—a perfect ex- 
ample of management by exception. 

The computer then punches an acknowledgement 
card and stores information for preparation of ship- 
ping documents, just as it does for orders that can 
be filled from stock. 


The computer orders production .. . 


Late each week, RAMAC assembles a Decatur 
“production packet” for the following week, Figure 
2. With regard for all factors—priorities, lead time, 
production time, etc.—the computer punches cards 
to cover material requisitions on the plant stock- 
rooms, every production step, every move of a part 
between departments, and tool kit requirements. 
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FIG. 2. Operator loads punched cards transmitted 
from Alabama into RAMAC 305 computer at Toledo 
headquarters of Electric Autolite for daily 

updating of production schedules. 


The production packet—in essence a complete pro- 
duction schedule—is mailed to Decatur. Mailing has 
proved practical and economical, although the cards 
could be sent by transceiver if necessary. The trans- 
ceiver is used for all daily transmission of data 
between Toledo and Decatur. 


.. . and reports production progress 


At Decatur, an IBM 357 data collection system 
links key points in the plant, via eight input sta- 
tions, to an output card punch. As production opera- 
tions are completed, workers insert prepunched 
cards from the packet furnished by Toledo into the 
input stations, adding variable data such as time 
completed and badge numbers via keyboard. Work- 
ers use move order cards to report material move- 
ment within the plant in a similar manner. 

For attendance recording, the employee inserts 
his time card into a 357 input station when report- 
ing to work. Decatur uses the output cards for daily 
attendance listings. For nonproductive and work 
order operations, each department keeps a file of 
prepunched cards that are used by the timekeeper 
to record job completion data. 

All data gathered by the 357 data collection sys- 
tem is transmitted daily to Toledo by transceiver. 

At Toledo RAMAC updates all affected records: 
schedule reports, overruns, labor efficiency reports, 
and general accounting. The computer then trans- 
mits an updated production schedule back to Decatur 
daily. This is, in effect, a daily report of production 
progress and of the work still to be completed in the 
current week. 

Thus the remote computer provides complete inte- 
grated control of all operations on a current basis. 
All data affecting the ultimate goal of meeting de- 
livery dates are transmitted back and forth between 
the plant and the data processing center as needed. 
The system relieves plant managers and foremen 
of an enormous amount of detail and expediting 
work, and they can devote much more time to actual 
supervision and the handling of exception items. 

Many factors involved in the process have not 
even been mentioned here. RAMAC processes scrap 
reporting and engineering changes, for example, 
from data transmitted from Decatur to Toledo. 
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The Iterative Analog— 


Low-Cost Speed for 
Information Processing 


Given memory and the consequent ability to reiterate, the analog com- 
puter becomes more powerful than the largest digital computer for 
high speed data processing and computation where extreme accuracy 
is secondary to speed. A glimpse is given for the first time in this 
article of the great potential of the iterative analog computer for 
economical high speed computation. It more than fills the gap between 
the digital computer and the conventional analog computer: it will 
solve some problems handily that are completely impractical on the 
fastest digital computer. And it will fill a gap in information system 
data processing as a practical way to provide high speed dynamic 
models of complex systems for prediction and control of system 
behavior, as well as very fast computations involving partial differ- 
entials, multiple integrations, or multidimensional optimizing. 


R. K. STERN, Computer Systems, Inc. 


The strong movement of the digital computer 
into real time data processing for generation of use- 
ful control information has made us forget the 
reason it has so often been chosen over analog com- 
puting techniques. Speed of computation is not the 
reason and has been rather a limitation in many 
real time digital computer applications. Accuracy 
of solution is not the real reason, either, except in 
the relatively few applications where speed is not 
as important (for the digital computer trades speed 
for accuracy and can provide both only at higher 
equipment costs). The principal reason is that the 
digital computer has memory, and memory permits 
using iterative methods of computation and pro- 
vides programmable logic. In fact, without these 
iterative methods the digital computer would be 
handicapped to the simplest of arithmetic—addi- 
tion and subtraction. 

About a year ago, with the introduction of 
DYSTAC (for Dynamic Storage Analog Com- 
puter), memory was given to the analog computer, 
and with it the ability to follow iterative procedures 
by automatic transfer of stored results from one 
iteration to the next. Since then, the analog com- 
puter has shared this previously exclusive digital 
machine feature plus a gross speed advantage over 
the fastest conceivable digital computer. 

The first paper which outlined a practical applica- 
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tion of the high speed iterative technique was pre- 
sented before the Southeastern Simulation Council 
on April 1, 1960 (Ref. 1). A second paper of sim- 
ilar nature was presented at the Western Joint 
Computer Conference on May 4, 1960 in San Fran- 
cisco (Ref. 2), and discussed multiple integration, 
partial differential. equations, and the solution of 
boundary problems by the new technique. On De- 
cember 12, 1960, the Eastern Simulation Council 
presented a program of five papers on the new high 
speed iterative technique and actual problem solu- 
tions were demonstrated (Refs. 3 to 7). The ten 
iterative analog computers installed to date (see 
Box) have been produced by a single manufacturer, 
but the potentialities of this technique have gradu- 
ally come to be recognized by others in the analog 
computer field, as indicated by more recent papers 
on the subject (Ref. 8 and 9). 

All of these papers have shown how the dynamic 
analog memory works and how a solution obtained 
in one computing cycle can be retained in memory 
and used in subsequent cycles. But the availability 
of the equipment for actual problem solution is still 
so recent that even its inventors are only beginning 
to realize its potential. Thus previous papers, even 
taken together, have failed to convey the importance 
of this development to engineering and to industry. 


Digital vs. analog .. . 


The advantages of high speed analog iterative 
solutions can be best understood through an evalua- 
tion of the relative merits of digital and conven- 
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tional analog computers. The digital computer has 
accuracy, logic, and memory. Its disadvantages 
are: the limitation to simple arithmetic (multipli- 
cation, division, and integration are achieved by 
iteration of the simpler processes of addition and 
subtraction) ; excessive programming times for 
complex calculations; the loss of the significance 
of large numbers caused by the convergence rou- 
tines needed for nonlinear computations; and the 
truncation and granulation errors arising from suc- 
cessive approximation in multiple integrations for 
the solution of partial differential equations. 

In theory, it is possible for any digital computer 
to work any problem to the desired accuracy if solu- 
tion time is not important. As the accuracy re- 
quired of the solution is increased, however, the 
solution time in some cases increases exponentially 
with the digits in the answer. In the intermediate 
size digital computer, it is not at all unusual for 
solutions to take more than 40 to 50 hours for a 
single problem. 

The conventional analog computer has the advan- 
tages of: high speed, direct, continuous solutions 


of mathematical functions without iteration; simul- 
taneous solution of an entire matrix of algebraic 
or differential equations, which obviates truncation 
error; and ease of diagramming, contrasted with 
the difficulty of digital programming. Its disad- 
vantages are its limitation to four digit accuracy 
and worse, and the direct relationship between the 
complexity of a problem and the size of the com- 
puter. The latter is undoubtedly the most serious 
drawback, in that complex problems may literally 
require thousands of amplifiers. The digital com- 
puter, on the other hand, requires longer times of 
solution for the more complex problem. The analog 
computer with sufficient amplifiers will solve any 
problem to which it can be applied in a matter of 
a few seconds or a minute with four digit accuracy. 
And in a general solution, the conventional analog 
is not penalized by nonlinearities because no itera- 
tions are required with their introduction. 


... VS. iterative analog 


The dynamic storage iterative analog computer, 
by virtue of its ability to utilize numerical tech- 
niques, invades the domain of the digital machines 
and eliminates the equipment size limitations of 
more conventional analog procedures by trading 
time (iterations) for hardware. (Because each 
iteration is very fast, it retains the speed advantage 
of the conventional analog.) Storage of variables 
(memory) allows time sharing as practiced in digi- 
tal calculations and the high speed iterative charac- 
teristic provides the necessary number of solutions 
to obtain accuracies up to four digits in negligible 
solution times. Truncation and granulation errors 
associated with problem partitioning and encoun- 
tered also in multiple integration or stage solutions 
to partial differential equations can be made negli- 
gible by high speed iteration. Thus the future of 
the high speed analog computer has been revitalized. 
It is competitive with and in many cases superior to 
digital computers in general computation. 


WHERE THE ITERATIVE ANALOG PAYS OFF 


CASE 1. High-accuracy prediction for real time control 


Example: Radar aiming. An interesting appli- 
cation of the iterative technique is a simple tra- 
jectory calculation from which data is obtained 
to aim shipboard radar at a missile throughout 
its calculated trajectory. Superficially, this prob- 
lem meets all the requirements and is well within 
the limitations of a conventional real time analog 
computer; however, solution times of 500 sec re- 
sult in excessive drifts and scaling for this operat- 
ing period causes a poor signal to noise ratio. At 
the end of 60 sec the errors can make the solution 
useless for the remainder of the missile flight. 
Drift and noise are avoided entirely by itera- 
tion,.which provides solutions of the entire flight 
trajectory 100 times per sec. In this technique, 
Figure 1, the computer is reset to the initial con- 
ditions at the frequency of the repetitive rate and 
all but eliminates drift effects while providing 
essentially continuous information to the radar. 


In the first cycle of solution, the trajectory of the 
missile is resolved for the entire flight duration. 

Such a solution is obviously of no utility for the 
real time aiming of the shipboard radar. Ilowever, 
a voltage ramp representing real time generated 
by a single real time amplifier can be calibrated 
to any desired accuracy or can even be re- 
placed by a highly accurate clock that measures 
the time interval. The ramp of voltage developed 
by the timing mechanism is then used to provide 
a comparison point in the repetitive solution for 
the sampling of the required data at the desired 
point in real time. These iterative samples are 
fed continuously to the shipboard radar through- 
out the missile’s flight. Thus, accuracies far 
superior to those obtained with a conventional 
real time calculation can be achieved. 

In the DYSTAC computer, a new high frequency 
amplifier provides accurate ramp functions up to 
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4,000 cps and this capability is exploited to mul- 
tiply, divide, generate arbitrary functions, and 
perform electronic resolving using only high speed 
linear amplifiers. Thus, a linear computer can 
perform all of the functions required in general 


CASE 2. 43 Amplifiers instead of 1,200 


The most striking examples of the computer 
component economies possible with the new itera- 
tive technique are found in stage calculations. 
Example: Multi-tray distillation. The determi- 
nation of the composition on each tray in a dis- 
tillation tower, Figure 2, requires a highly non- 
linear algebraic matrix calculation, and in order 
to achieve solution of a 30 tray column with 4 
components in the feed, and products from an 
overhead, side stream, and bottoms withdrawal, 
a conventional analog computer would employ in 
excess of 1,200 amplifiers. This number increases 
in direct proportion to the number of plates in the 
column. In sharp contrast the iterative DYSTAC 
computer needs only 43 amplifiers. 

In the conventional computer all of the trays 
must be simultaneously simulated by correspond- 
ing elements, while in the new technique the same 
electronic elements are used over and over again 
in successive high speed iterative solutions for the 
respective trays. The similarity between the new 
analog technique and conventional digital proc- 
esses is again apparent. However, the cost of an 
analog computer using the new technique is far 
lower than that of a digital computer which could 
resolve the same problem in a practical solution 
time (Ref. 10 and 11). 

The same general procedure can be employed 
to derive economies in electronic elements in many 
large problems where partitioning is feasible. 
The extremely high speeds involved in the solu- 
tion will allow nearly instantaneous solutions 
despite the iterative technique employed. 
Example: High speed solution of partial differ- 
entials. In the solution of partial differential 
equations, conventional analog computers must 
utilize a difference technique which breaks the 
second and subsequent independent variables into 
solution nodes. - This technique requires repro- 
duction of the electronic elements associated with 
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computation without the extra expense of non- 
linear elements. In many cases, these functions 
are more accurate than those of expensive conven- 
tional nonlinear elements, particularly in the reso- 
lution of hyperbolic functions (Ref. 3). 


the basic equation for each of these nodes. High 
accuracies are obtained by increasing the number 
of nodes, and the equipment complement becomes 
excessive. Each node must be reproduced be- 
cause the conventional computer cannot reduce 














split boundary problems to initial value problems 
as is done by the iterative computer, which uses 
the same equipment over and over again in suc- 
cessive iterations. An example of the solution 
of partials is given in a technical data bulletin 


CASE 3. Iterations within iterations 


In order to exploit the new technique it is fre- 
quently necessary to have two or more modes of 
operation working simultaneously throughout the 
computer solution, and the iterative computer 
can solve problems with one part of the com- 
puter operating at a reiterative frequency of 2,000 
cps, another section operating at 50 cps, and a 
parametric search simultaneously conducted with 
real time or nonrepetitive elements. 

Example: Multiple integration. This multispeed 
capability is used to simplify multiple integra- 
tion. In the simplest case of double integration 
through two dimensions, for instance, the calcu- 
lations in one dimension can be computed at 50 
to 100 times per sec while the integration through 
the second dimension is done in real time. This 
technique is useful for the resolution of convolu- 
tion integrals, bounded Fourier integrals, and 
complex partial differential equations (Ref. 7). 
Example: Hydrodynamic problems. The same 
general technique can be employed where local defi- 
nite integrals are required in the over-all solution 
of a larger problem. In the solution of hydrody- 
namic problems, for example, the integrals required 
to account for the energy losses in the process due 
to local turbulences are frequently ignored because 
they are difficult to evaluate, Figure 3. Such prob- 
lems are handled easily by using high speed repeti- 
tive operation at 2,000 cps to evaluate the local defi- 
nite integral in a problem whose general solution is 
proceeding at a rate of 40 to 50 eps. 

Example: Optimizing gasoline production. Op- 
erations research has been exploited heavily by in- 
dustry in the last decade to improve operations and 


by Computer Systems entitled “Solution of an 
Ablation Problem with the 5800 DYSTAC Com- 
puter” by Dr. Stanley Fried. A more general ex- 
ample is available in the series of papers by Prof. 
Stanley Jury, University of Tennessee (Ref. 5). 
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product quality, and to maximize profits. The multi- 
speed technique can provide rapid and economic 
solutions to such problems. A good example of this 
technique is provided in the paper “A Nonlinear 
Programming Technique for Analog Computation” 
by Moser, Reed, and Sellars, Shell Oil Co., Houston, 
Texas. This procedure uses finite differences to ap- 
proximate the partial derivatives of the objective 
function, high speed electronic switching for logical 
operations, and dynamic memory to optimize a 
gasoline production process. 


CASE 4. True max-min calculus for optimizing 


Example: Process model development. Many of 
the foregoing principles are exploited in the design 
and development of an in-plant controller and op- 
timizer. But the development of such an installa- 
tion would first require a mathematical model ade- 
quately describing the process. This is frequently 
the most difficult problem in the over-all in-plant 
optimization sequence. The best model may require 
the evaluation of literally hundreds of different pos- 
sibilities and the selection of the best surface fit 
by criteria such as least mean squared deviations. 

In conventional digital techniques the method of 
steepest ascent is generally employed to derive the 
least mean squared parameters associated with a 
given model. In chemical processes and other highly 
nonlinear matrices the method of steepest ascent 
most practical for a digital computer may require 
an exorbitant solution time for a given model. 

In conventional analog techniques, random noise 
has been used to guide the search for the best 


parameters for a given model; however, this ap- 
proach theoretically requires an infinite time to de- 
rive the best fit. In practical applications, there is 
no assurance that a local non-optimum peak in the 
model surface has not been selected. The maximum- 
minimum technique used with the iterative analog 
computer provides for simultaneous solution of as 
many least mean squared parameters as are de- 
sired. The solution for extremely complex models 
takes only a matter of a few minutes regardless of 
the number of parameters, and the final solution is, 
by the definition of maximum-minimum calculus, 
the best over-all optimum. 

Many different models can be investigated in a 
relatively short time by this maximum-minimum 
technique, which exploits the searching capabilities 
of the new iterative computer together with the 
ease of rediagramming for new models inherent in 
all analog computers (Ref. 13). 

Example: Optimizing operating conditions. Once 
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the best model describing a system has_ been 
achieved, the model—like the one in Figure 4—is 
ordinarily used to find the optimum operating con- 
ditions from criteria based on economics and qual- 
ity control. Restrictions in the solution are gen- 
erally mandatory because of equipment limitations, 
safety considerations, availability of raw materials, 
and equipment capabilities. This again resolves 
itself to a searching problem for the optimum op- 
erating conditions and utilizes an approach very 
similar to that of the original correlation problem. 
Solution times require only a few seconds for most 
optimization problems. 

In the event that the model describes a process 
which is not yet in operation, the equipment can 
also be designed on an optimum basis with the 
same technique, as restricted by quality require- 
ments and limited by safety considerations, etc. 
Example: On-line optimizing control. Once the 


model has been derived and the optimization pro- 
cedure has been established, the same general pur- 


pose computer can be employed with transducers 
to achieve continuous in-plant economic optimiza- 
tion through variations in raw material composi- 
tions, fluctuations in economic demand, and other 
variables such as changes in equipment capabilities 
due to local breakdowns or failures. 

Most in-plant control installations predicate 
economies and optimization based on such variables. 
However, reasonably priced digital computers re- 
quire such long solution times that, in many cases, 
the plant upset (e.g., a change in feedstock com- 
position) may have been resolved and the equip- 
ment returned to its normal operating condition 


before the solution for the upset condition has been 
obtained. This is not the case with the economic 
and relatively high speed iterative process where 
solutions for continuous optima are obtained in a 
matter of seconds, and the process can be corrected 
to the best economic operation throughout the en- 
tire fluctuation.. Furthermore, the speed of cal- 
culation permits real economies because it is quite 
feasible to control more than one unit with the 
same computer. 

Example: Business inventory control. The char- 
acteristics of the maximum-minimum iterative 
technique can also be exploited in business inven- 
tory problems. In this problem, probability distri- 
butions are assigned for sales frequencies and de- 
lays in order receipts. The cost of ordering and 
maintaining the stock is considered for a given re- 
order point based on depletion of stock in a given 
size of reorder. In the searching technique all pos- 
sible combinations of sales frequency and delivery 
delay are weighed and the cost of a given operation 
is derived by summing all of the individual weighted 
contributions (Ref. 12). 

The examples in this article only scratch the sur- 
face of the iterative computer’s potentialities. New 
and exotic applications are developing in fields 
which were previously considered outside the scope 
of analog computation, and faster and more ac- 
curate answers are being achieved in conventional 
applications. The high speed dynamic storage 
iterative analog computer has revitalized analog 
simulation in the field of general problem solution, 
and further has made possible solutions not practi- 
cal on the most powerful digital computer. 
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The tre that binds television’s top performer to 
instrumentation tape is strong—and it goes be- 
yond the fact that the same expert team produces 
the best of both. “ScoTcH” BRAND Heavy Duty 
Tapes share a common heritage—and uncommon 
endurance—with “ScoTCH” BRAND Video Tape, 
the tape that puts a network TV show on the same 
“clock time” from Maine to California. 
Similarities worth noting between the two: a 
similar high-temperature binder system, famous 


THE TAPE THAT CHANGED TV “SCOTCH” BRAND high potency oxides, a similar 


ability to resist tremendous speeds, pressures and 
FOR ALL TIME temperatures while providing high resolution. 

Let’s look at the record of “SCOTCH” BRAND 

a : Video Tape and see what message it has for the 

© leads ati right to rugged user of Jaicemasiioa tape. On a standard reel 
SCOTCH” BRAND Heavy Duty Tape of video tape like that 
: 7 shown here, some 1/2 mil- 
lion pulses per second must 
be packed to the square 
inch—on a total surface 
area equal to the size of a 
tennis court. The tape must 
provide this kind of resolu- 
tion while defeating the de- 
teriorating effects of high 
speeds, pressure as high as 
10,000 psi and tempera- 

tures up to 250°F. 

The fact is that video tape must be essentially 
perfect. And it’s a matter of record that thus far 
only the 3M experts have mastered the art of 
making commercial quantities of video tape that 
consistently meet the demands of the application. 

Significantly, the high-temperature binder sys- 
tem developed for “ScotcH” Video Tape is first 
cousin, only slightly removed, to that used in the 
Heavy Duty Tapes. It’s this special feature that 
has given Heavy Duty Tapes their exceptional 
wear life. 

The moral emerges: for tape that provides the 
best resolution of high and low frequencies under 
the severest conditions, turn to “SCOTCH” BRAND 
Heavy Duty Tapes 498 and 499. 

They offer the high temperature binder system, 
plus the same high quality and uniformity that 
distinguish all “ScoTcH” BRAND Tapes. As the 
most experienced tape-makers in the field, 3M 
research and manufacturing experts offer tape of 
highest uniformity—from ree] to reel and within 
the reel. Check into the other “ScoTcH” BRAND 
constructions: High Resolution Tapes 457, 458 
and 459; High Output Tape 428; Sandwich Tapes 
488 and 489; and Standard Tapes 403 and 408. 

Your 3M Representative is close at hand in all 
major cities. For more information, consult him 
or write Magnetic Products Division, 3M Co., 
St. Paul 6, Minnesota. © 1961 3M Co 























“SCOTCH” and the Plaid Design are registered trademarks of the 3M Company 
St. Paul 6, Minn. Export: 99 Park Avenue, New York, N.Y. Canada: London, Ontario. 
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Lighting control requirements for 
the reception center in the new Time 
& Life Building, Rockefeller Center, 
New York City, were as follows: The 
equipment had to (1) turn on and 
off automatically; (2) proceed through 
52 cues with each cue selecting its 
fade-in speed, time duration, and the 
intensities of 24 dimmers in steps of 
4 maximum intensity; (3) have a 
three-scene preset board for the day- 
time hours so that personnel could 
correct for changing shadows (photo- 
cells could have done this automati- 
cally); (4) have a manual override so 
that the preset board could be used 
to control lighting for a fashion or 
TV show at any time of day or night; 
(5) fit into the space available (a 
small closet). 

During the day a three-scene pre- 
set console, Figure 1, feeds low voltage 
control signals to a bank of 24 silicon 
controlled rectifier dimmers. The con- 
sole contains three sets of 24 potenti- 
ometers each, and pulses from a time 
clock trigger fading from one set of 
preset pots to the next as the day goes 
by and lighting conditions change. 
Reception center personnel can also 
use manual master and fader controls 
to obtain the most favorable balance. 

At night the time clock pulses on 
a programmer, Figure 2, that uses a 
miniaturized pegboard and a set of 
timers to store instructions for 52 cues. 
Any of the 24 dimmers set for various 
intensities can be tied together to 
make a scene, and the same dimmers 
can be used at different intensities in 
other scenes. Any of 16 possible 
scenes can be used in any cue, and 
the fade-in time of each cue and the 
time it stays on are adjustable. 

The pegboard has four sections— 
each an X-Y matrix or low voltage 
crossbar circuit terminated at the X 
and Y axes. The “Scene-Dimmer In- 
tensity Selector” section has 16 x 24 
holes, 16 corresponding to the 16 
scenes, and 24 to the 24 dimmers. 
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Color coded pegs house dropping re- 
sistors for 4, 4, 4, or full intensity, so 
this section selects not only which 
dimmers will be used in each scene 
but also the intensity of the lights 
they control. The writer has also de- 
veloped “Poliometer” pegs that con- 
tain adjustable resistors. A screw on 
the peg provides full proportional con- 
trol of the lights on that dimmer. 

The “Scene Selector” section of the 
board has 16 x 52 holes. Again, 16 
corresponds to the scenes and 52 to 
the cues. This section picks the 
scenes to be used in each cue. In the 
52 x 24 hole “Cue Selector” section, 
the 52 holes are for the cues, and each 
of the 24 rows is wired to one of the 
timers mounted below the pegboard. 
Each timer can be set to give any 
cue duration from 1 sec to 5 min, and 


Three Ways to Program 
Variable Lighting 


1. Pegboard Runs Decorative Lighting at Time & Life 


can be reset for another program by 
turning a knob. The “Fade Time Se- 
lector” section is a 10 x 52 hole 
matrix and allows any of 10 fixed fade- 
in times from 5 sec to 2 min to be 
selected for any cue. A motor driven 
fader provides smooth transitions. 

A manual override, Figure 3, per- 
mits use of the preset console at any 
time without affecting program syn- 
chronization. The console is on 
wheels and can be moved out onto 
the reception center balcony for use 
during special shows. . 

The automatic pegboard preset sys- 
tem will find extensive application in 
display and fountain lighting. It can 
even operate the fountain pumps (or 
other electrical devices) and run in 
synchronization with taped music or 
narration, as in museums or art shows. 


Fig. 1. Preset 
board has three rows 
of 24 pots each. persessezece 
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Fig. 3. Manual override 
allows console to take 
control of dimmers 


Fig. 2. Programmer includes 
clock, upper left, 
pegboard, and timers. 
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STABILFLO 


VALVE 


Now Foxboro gives you extra-high power 
plus long stroke...in one control valve motor 


At tast—a “fail-safe,” spring-opposed 
pneumatic valve motor designed specifically 
for larger size control valves. Butterfly, 
Saunders, Stabilflo* valves — the new Fox- 
boro “160” motor is designed for them all. 
In most cases, it replaces expensive pneu- 
matic cylinder operators and positioners. 
1% to 4-inch stroke — linear relation- 


ship between input signal and valve stem 
position . .. weatherproof construction . . . 
selection of air-to-lift or air-to-close action. 
You'll want to know more about this motor. 
Ask your nearby Foxboro Field Engineer 
for full details or write for Bulletin 5C-17. 
The Foxboro Company, 367 Norfolk 
Street, Foxboro, Mass. *Reg. U. S. Pat. Off 
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BIG 160 SQ. IN. preformed dia- 
phragm maintains essentially constant 
effective area throughout the stroke. 
Result: a linear relationship between 
input signal and valve stem position 
— precise positioning of the stem for 
every signal change. 





2. Punch Cards Record, 
Readout Presets Automatically 


ROLLO GILLESPIE WILLIAMS 
Century Lighting, Inc. 


Two, five, and 10-scene preset 
stage lighting systems with multiple 
banks of potentiometers and a means 
of fading from one to another are 
common. But even a 10-scene preset 
limits the number of lighting changes 
that can be used and restricts the 
creativity of the lighting director. 
Without enough presets, dimmer set- 
tings must be recorded in writing, 
wasting hours of rehearsal time and 
not assuring that settings will be. re- 
produced accurately during the actual 
performance. What is needed is an 
infinite preset system that can re- 
cord any number of presets automat- 
ically in minimum. time. 

Century “Punch” equipment, Fig- 
ure 1, uses punch cards to record and 
reproduce dimmer selections and set- 
tings. The console, Figure 2, has a 
bank of manually operated dimmer 
controls (24 in the unit shown) for 
setting up the desired lighting during 
rehearsal, as well as the operating 
controls used during performances. It 
also houses switching and translating 
circuits that tie it: in with modified 
card punching and reading machines. 
The actual thyratron, controlled rec- 
tifier, or magnetic amplifier dimmers 
can be mounted wherever required by 
the load wiring. 

In making a preset, the operator 
adjusts the manual dimmer controls 
for the correct. lighting and then 
presses a single pushbutton switch 
to record all the settings on a punch 
card. Each dimmer control] adjusts 
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IDEAS AT WORK 


FIG. 1. Card punch, control console, relay rack (inside console), 


reader, and remote dimmers make up “Punch” system 


both a potentiometer and a 5-bit 
shaft position encoder with brushes 
to pick off the pot setting in binary 
code. During the preset operation, 
the pots are connected to the dim- 
mers, and a rotary switch scans the 
encoder outputs and transfers them 
to solenoids in the catd punch. With 
five bits of information there are 32 
possible intensities between (and in- 
cluding) full on and full out. Up to 
90 dimmer settings can be recorded 
on one card in less than 15 sec, and 
if the system includes more than 90 
dimmers, more catds can be used. 
Before the performance, the re- 
quired cards are sorted manually and 
stacked in the card reader. Two sets 
of translating matrices convert the 
binary data on the cards to resist- 
ances equal to the original pot set- 
tings. Each matrix has as many con- 
version circuits, Figure. 3, as there 


are dimmers in the system. The first 
card is read into one matrix and the 
second is read into the other. This 
sets up a two-scene preset arrange- 
ment, in which one matrix provides 
a set of resistances for controlling the 
lights in use and the other contains 
settings for the following scene. 
When a crossover fader is operated 
to shift into scene 2, the machine 
reads card 3 into the first matrix in 
readiness for the second crossover 
fade. One lighting setup dissolves 
into another as quickly (down to the 
read time of about 0.5 sec) or as 
slowly as the operator moves the fader. 

During the show, the operator can 
transfer -control of selected dimmers 
back to the console for readjustment. 
A meter indicates the intensity of 
the selected circuit so that the co;- 
responding manual potentiometer can 
be set to the same value. The shift 


FIG. 2. Preset controls have analog output 
for dimmers, digital output for punch. 
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FIG. 3. Relays K1-K5 are actuated by 
card reader; output goes to dimmer. 
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ALL PURPOSE 
REASONS FOR A ioe aH} unit 
SPECIFYING nt 


with control point accuracy 

U E equivalent to individually 
° ° calibrated instruments. 10” 
rotating scale permits un- 


§ N D i Cc ATI | G usual readability and close 


settings. Available with dual 
TEMPERATURE J c.cu"™ 
CONTROLS 


HIGH SENSITIVITY... on-off differ- 
entials from + .5° F with excellent 
repeatability 





LOW COST... (800 Series) -150° to +650° F 
Short dial spans of 50 to 200° F permit com- 
pact design only slightly higher in price than 


non-indicating controls. Available with dual 
*k Low COST . . . list prices from switches. 


$35.00 with generous quantity 
discounts HIGH TEMPERATURE .. . (900 Series) 
’ 0° to +1000°F 
A NEW high temperature series with rugged 


* EASY MAINTENANCE . . . thermal stainless steel mercury filled thermal systems. 


assemblies quickly replaced in the = Rr the USUAL or UNUSUAL application, United Electric 


cour ae: es eee offers quality controls at economical prices. 








3K PROVEN DEPENDABILITY... reli- ay «ss SPACE. SAVING... -150' to +60" F 


Skeleton design permits direct incorporation 
into equipment —saving cost of enclosure. 
Many models with dial spans of 50 to 200°F. 
Available with face plate for panel mounting. 


able liquid-filled measuring systems 
combined with simple service-proven 
components for accurate perform- 
ance and long life 





SPECIAL PURPOSE... -150° to +1000°F 


* GREATER VERSATILITY... many 
styles, ranges, sensing elements 
and switch characteristics permit 
hundreds of “custom-built” combi- 
nations 


Shown here is a typical Special Purpose 
control used on medical equipment, such 
as baby incubators, etc. WHAT IS YOUR 
REQUIREMENT? Chances are one of our 
standard controls will satisfy your needs. 
If not, we'll put our 30 years’ experience to 
work for you on special designs. 





- Write TODAY for complete specifications and price information on 
U. E. Indicating Temperature Controls, Attention Dept. W. 
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NAME TITLE 





UNITED ELECTRIC CONTROLS CO. COMPANY 


85 School Street 


Watertown 72, Massachusetts 
| United Electrical Controls (Canada) Ltd.} United Sensor & Control Corp. 
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IDEAS AT WORK 


of control from card to console is 
then made without any apparent 
change in lighting. After making the 
adjustments, a corrected card can 
be produced without resetting all the 
remaining controls. The punch reads 
the new settings from the console 
and the unchanged intensities from 
the old card. 


Nonautomatic card control 


“Cue” is a less expensive system 
that has a manual console, Figure 4, 
and a keyboard, Figure 5, connected 
to a reproducing punch. After setting 
up the desired lighting effect with 
manual controls on the console, the 
operator reads the dimmer settings 
and punches them one by one on the 
keyboard. A digital display next to 
the keyboard gives the number of the 
circuit being punched, and a cancel 


FIG. 4. This “Cue” console 
handles up to 70 dimmers. 


button allows corrections to be made 
before the operating bar is pressed. 

During a performance, cards are 
inserted by hand into the two slots 
above the keyboard. There they are 
read and their settings translated into 
control voltages. The lights in use 
can be mastered by either card ac- 


FIG. 5. Keyboard operates external 


punch; cards are read in slots above 


cording to the setting of a crossover 
fader, and when control has been 
transferred from card 1 to card 2, 
the first card is pulled out and re- 
placed by card 3. One advantage of 
“Cue” is that any card can be used as 
often as required and reinserted at 
any part of the sequence 


3. Printed Pots Store Dimmer Settings 


Another Century infinite preset 
system, “C-Card”’, uses special printed 
circuit potentiometer cards, Figure 1, 
to store up to 30 dimmer settings 
each. The card is a pair of printed 
boards permanently attached to each 
other and carrying as many as 30 
sliders. The sliders have bifurcated 
contacts that follow a printed con- 
ducting path on one board and a re- 
sistive strip on the other. Each slider 
moves in a 33-in. slot and is preset 
manually to the position that gives 
the required light intensity. If the 
system has more than 30 dimmers, 
two or more cards can be used to- 
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gether. Each card can be inserted and 
removed from its mounting. 

Cards are mounted on the periph- 
ery of 20-in. diam drums that can 
hold up to 20 cards each. The mem- 
ory unit sketched in Figure 2 contains 
two four-section drums so it can 
handle 160 cards. Selector buttons 
on the console cause either drum to 
rotate so as to bring the required 
cards into reading position. They are 
then accessible through the open- 
ings in the front of the memory unit 
so that the sliders can be reset if 
necessary. A crossover fader on the 
console transfers control from card 


to card. When the number of cards 
to be. used exceeds the capacity of 
the drums, cards that will not be used 
again can be replaced by new cards. 

A simplified form of “C-Card” 
omits the drums and has stationary 
card mountings. This system resem- 
bles a manual preset panel in prin- 
ciple but has the advantage that pre- 
sets are in the form of cards that can 
be removed, stored, and replaced as 
required. A large number of cards 
can be prepared in advance and then 
plugged into mountings in far less 
time than it would take to reset a row 
of pots by hand. 
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FIG. 1. Preset cards are 
4 in. thick, have 30 sliders 


FIG. 2. Console buttons operate 
card drums in memory unit at left. 





SIMPLIFY DATA HANDLING RE 


with a low cost, flexible system 7a4i 1342 1340 
that provides 


@ fast, accurate 
measurement 

@ variable 
measurement 
rate and range 
@ typewritten, 
printed, 
punched tape or 
punched cards 























Dymec Model DY-5552 Data Processing System is a remarkably versatile tool for quickly accumulating data 
on a wide variety of physical, mechanical and electronic processes. Any phenomenon of nature or science 
that can be converted to a usable voltage or frequency can be measured and recorded through the DY-5552. 
Digital output can be in any form or combination of forms needed for further machine processing, visual analy- 
sis or transmission over any standard communication system. Applications are limitec! only by the imagination. 


The moderately priced Dymec system consists of a voltage-to-frequency converter and electronic counter to 
convert input information to digital form, plus a scanner/coupler, which transfers this digital data and is 
capable of providing output for electric typewriter, Flexowriter, serial-entry adding machine and serial entry 
card punch or tape punch. In many cases two of these recording devices can be operated simultaneously. In 
addition, the system can drive a digital printer, such 
as the Hewlett-Packard 560A. SE Sreereenveene 


a ° I tR 2 0 to 1 v de, 0 to 10 v dc, 0 to 100 v dc, 0 to 1,000 
This is one of many Dymec Data Processing Systems ree © 20 SN eueranes derelaaiate uae on 


‘ - iil aa 1,000 v range; either polarity measured with- 
which can be assembled from basic “building block” out switching). Frequency inputs, 1 cps to 


instruments. Versatile, flexible input scanners, count- eS eee 
ers, digital voltmeters, output couplers/translators | ‘°°U"#*¥ fae aa ae a x ani 
meet a wide range of needs for speed, multiple input Operating Speed: | Controlled by Display Time Setting (variable 
application, programming. from .1 to 15 sec. or indefinitely), maximum 


operating speed of 5 full scale readings per 
second. 























Approximate price: | $3,600.00 (as pictured, including tape punch). 





Data subject to change without notice. Prices f.0.b. Palo Alto 
Describe your requirement today to your Dymec/ Hewlett-Packard representative, write 
Dymec for further information or call Dymec direct. Extension 223 or 224. 


DYNM EC 


A DIVISION OF HEWLETT-PACKARD COMPANY 


Dept. C-7, 395 Page Mill Road, Palo Alto, Calif. +» Phone DAvenport 6-1755 (Area Code 415) TWX-117-U 
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How to convert perforated to magnetic tape 
at a reasonable cost (NOW) 


Tally’s new solid state Model 1433 Paper-to-Magnetic 
Tape Converter is not 10 years ahead of its time. You 
can solve today’s media conversion problems with 
both integrity and economy. 


Normally, input and output data are completely 
identical in content. The output record is a bit for 
bit image of input data. A universal code conversion 
feature is, however, available. 


Without changes or adjustments, the Tally converter 
will accept paper, foil, or plastic tapes in widths vary- 
ing from 5 through 8 levels. It writes data on mag- 
netic tape compatible with IBM 727, 729 Mod 1, and 


SEE US AT WESCON—BOOTH 2516 


Remington Rand computer formats. Other formats 
are also available. 


Complete in itself, the system includes a 120 cps 
paper tape reader, a Potter magnetic tape handler, 
and necessary electronics. Price of the Model 1433 
begins at $26,500. Delivery is currently 120 days. 
More information can be obtained from your Tally 
engiacering representative or by writing 


TALLY 


REGISTER CORPORATION 
1310 Mercer Street + Seattle, Washington 
MAin 4-0760 
OFFICES IN ALL MAJOR CITIES 
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Now measure direct 


capacitance at 60 readings 
per minute, dissipation 
factor to 0.1%! 


Capacitors in production quantities can now be tested quickly and accurately with the new high 
speed, all electronic, El Model 6150 Digital Capacity Meter. 


Capacitance or dissipation factor is automatically measured at 60 
readings per minute and higher, and the result digitally presented 
both visually and in coded form for direct driving of printing devices. 
Readings are actual values. Possibility of human error has been 
reduced to a minimum. ‘ 

Completely Automated Systems—The EI Model 10003 Capacitance 
Monitoring System, shown above, combines the Model 6150 with a 
digital printer to provide a simple, low priced, automatic capacitance 
measuring system. 

Applications include production lines of capacitor manufacturers, 
military component evaluation programs, receiving inspection test 
areas and other uses where large quantities of capacitors must be 
tested quickly and accurately. 

Ask your nearest EI field engineer for complete information on the 
new EI Capacity Meter. He is thoroughly qualified to help with your 
component testing problems. 


Another significant breakthrough in digital instrumentation from 
Electro instruments, Inc. 


al 
8611 BALBOA AVENUE, qa SAN DIEGO 11, CALIFORNIA 
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MODEL 6150 SPECIFICATIONS 


Test frequencies: 120 and 1000 cps 
Capacitancé range: 0.1 # ufd to 1000 pfd 
citance accuracy: .1% of full scale at 25°C 

pacitance resolution: .01% of full scale 
ed of measurement: less than 1 second 

per parameter 

ssipation factor range: .0001 to .9999 radians 
sipation factor resolution: .0OO1 radian 
f full scale 


Jissipation factor accuracy: 0.1% of full scale 


Voltage across unknown: 300 mv to 30 mv 
Maximum time to polarize any range full 


A 














Engineers: Challenging opportunities now available. Contact Mr. Harvey Fleming. 
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ELECTRIC VALVE ACTUATOR uses aircraft 
magnetic clutch technique. 














Borrowing a page from experience in aircraft and 
missile controls, this manufacturer has designed an elec- 
tric valve actuator to fill the need for an inexpensive, fast 
response device for electronic process control systems. 
The new actuator uses a constant speed motor driving a 
leadscrew through two dry magnetic particle clutches. 

Figure 1 shows how an error signal between a con- 
troller signal and a position potentiometer feedback trig 
gers the clutch current. Either the clockwise or counter- 
clockwise rotating clutch is energized to provide energy to 
the acme thread leadscrew, positioning the valve. 

Ihe heart of the actuator is the clutch, shown in section 
view in Figure 2. Current passing through the coil builds 
up a flux path that bridges the air gap. The dry magnetic 
particles in the air gap align with the flux lines, forming 
chains linking the drive disc with the clutch housing. 
Torque transmitted is a function of the shear force of the 
powder chains; the torque is essentially linear with re- 
spect to the input current for the range of normal opera 
tion. A timing belt is used to transmit power to the 
clutches from the motor. The motor is a single phase, split 
series, commercial ac model. 

The solid state tristable switching amplifier has built-in 
de power supply, dc velocity generator, and potentiometer. 

For closed-loop operation, the actuator, shown in Figure 
3 coupled with a valve, has a stroke of 2.75 in. max at a 
speed of 0.96 in. per sec operating a nominal load of 500 
Ib. Accuracy is to within 1 percent of full stroke. 

Production is scheduled to begin in October.—Lear, 
Inc., Electro-Mechanical Div., Grand Rapids, Mich. 
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Low inertia drive disc 








Magnetic core structure 





Annular gap 
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HOW TO GET THE POWER TRANSISTORS YOU NEED? 
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JUST ASK DELCO. For even though our catalog lists only a handful of germanium power transistors, there is 
only a handful out of all those ever catalogued that we don’t make. And those only because nobody ever asked 
for them. 

We've made, by the millions, both large and small power transistors. Both diamond and round base. Both industrial 


and military types. And each in a wide variety of parameters that have proved themselves reliable in nearly every 
conceivable application. 


You get Delco transistors fast. You get Delco transistors in any quantity. And for all their high reliability, you get 
them reasonably priced. All you have to do is contact our nearest sales office—and ask for them. 


Union, New Jersey Santa Monica, California Chicago, Illinois Detroit, Michigan a E 


Division of 
324 Chestnut Street 726 Santa Monica Blvd. 5750 West 51st Street 57 Harper Avenue 


1 General Motors 
MUrdock 7-3770 UPton 0-8807 POrtsmouth 7-3500 TRinity 3-6560 QD. D | O Kokomo, Indiana 
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DELCO 

SEMICONDUCTORS 

NOW AVAILABLE 
AT THESE 


GREENE-SHAW COMPANY, INC. 
341-347 Watertown St., Newton 58, Mass. 
WO 9-8900 


New York: 
HARVEY RADIO CO., INC. 
103 West 43rd St., New York 36, N. Y. 
JU 2-1500 


Chicago: 
MERQUIP ELECTRONICS, INC. 
5904 West Roosevelt, Chicago, Illinois 
AU 7-6274 


Detroit: 
GLENDALE ELECTRONIC 
SUPPLY COMPANY 
12530 Hamilton Ave., Detroit 3, Michigan 
TU 3-1500 


Philadelphia: 
ALMO RADIC COMPANY 
913 Arch St., Philadelphia, Pennsylvania 
WA 2-5918 


Baltimore: 
RADIO ELECTRIC SERVICE 
5 North Howard St., Baltimore, Maryland 
LE 9-3835 


Los Angeles: 


RADIO PRODUCTS SALES, INC. 
1501 South Hill St., Los Angeles 15, Calif. 
Ri 8-1271 


San Francisco: 


SCHAD ELECTRONIC SUPPLY, INC. 
499 South Market St., San Jose 13, Calif. 
CY 7-5858 


Seattle: 


C&G ELECTRONICS COMPANY 
2221 Third Avenue, Seattle 1, Washington 
MA 4-4354 


Ask for a complete catalog 


LCO 
ret he 
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NEW PRODUCTS 


SYSTEMS 


FINDS, PRESENTS FILED DATA 


Called FileSearch, this new machine 
can automatically search through a 
32,000-page file and present desired 
information in a few minutes. The 
FileSearch microfilms files of docu- 
ments, along with the coded descrip 
tion of each document’s contents in 
the form of opaque spots. Requests 
for information are fed into the ma- 
chine on punched cards, and the ma 
chine finds the desired information by 
reading the coded spots. The retrieval 
unit can check the filmed contents of 
6,400 standard pages (84 x 11 in.) in 
1 min. The required data can be 
viewed on a screen or printed out as 
hard copy. Up to six requests can be 
handled at once. Price: about $114,- 
000.—FMA, Inc., El Segundo, Calif. 

Circle No. 310 on reply card 


PAPER DRAW INDICATOR 


A new line of digital draw indicators 
has been designed for precise paper 
draw or speed measurement and simi- 
lar applications. The indicators count 
the number of rotations of each of the 
two rolls; and compute the ratio of 
these two electronically. The ratio is 
digitally multiplied to adjust for actual 
diameters of these rolls. The exact 
draw in percent is displayed on an in- 
dicator panel. Draw or speed may be 
measured to within 0.1 percent.—The 
Louis Allis Co., Milwaukee, Wis. 
Circle No. 311 on reply card 


TRANSISTORIZED RELAY 


Designed for high channel capacity 
and medium to long haul use, the new 
RF-7 transistorized microwave radio 
relay system virtually eliminates trans- 
mission errors, provides a ten-fold in- 
crease in transmitter power, but re- 


quires 50 percent less power input. 
Transmission frequencies are 5,925- 
8,400 Mcps. The basic equipment can 
be used for systems requiring 1-600 
telephone channels. Each voice chan- 
nel may be divided into as many as 
20 control, supervisory, or telemeter- 
ing channels. An optional remote 
alarm control package to monitor 100 
stations is available.—General Electric 
Co., Communication Products Dept., 
Lynchburg, Va. 

Circle No. 312 on reply card 


DATA HANDLING 
& DISPLAY 


BUSINESS DATA ACQUIRER 


Shown above is the input station for a 
new business data acquisition system 
designed for applications requiring 
data entry at remote locations for use 
at a central computer. Up to 50 such 
stations can be connected to a central 
recorder station, which has also been 
made available in the DL-210 system. 
Entry stations accept punched cards; 
identification badges or cards; and vari- 
able, fixed, and external data. Data 
are transmitted to the central station 
where recording can be on punched 
tape or cards. Time and date are auto- 
matically encoded Manufacturer 
states that the DL-210's price is 50 
percent of competitive equipment. 
Datex Corp., Monrovia, Calif 

Circle No. 313 on reply card 
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INSTRUMENT LINE PRINTERS 


Designed for instrumentation systems, 
two new line printers accept data for 
logging either electrically or by manual 
entry. The model MC 208 has both 


133 





A BREARTRRDUGH ese 


* 


HIGH OUTPUT 
OV DC 


Also available 
5-50 MV and 4 V 


3S-G SILICON SEMICONDUCTOR 


The Fairchild 3S-G is the first and only pressure transducer with a 5V DC output 
Outstanding features: signal that uses semiconductor materials having piezoresistive characteristics 

as a transducer sensing element. It is also available with low level outputs of 
1a CHEUS Be Soe 5-50 MV and % V. This revolutionary transducer is extremely accurate, has an 
EXCEPTIONAL ACCURACY operable temperature range of —65° to 250°F, and is responsive to both static 
MAXIMUM RELIABILITY and high frequency dynamic pressures from 0-100 through 0-10,000 psig and 
INFINITE RESOLUTION psia. It is fully compatible with existing military air, ground and underwater 
SELF CONTAINED CALIBRATION telemetry and industrial systems and resistant to all gaseous and liquid media, 
TEMPERATURE COMPENSATED including ry = eae alkalies, mass ms and ned Sa ws 

Airborne and ruggedized designs are available; both can withstan '$ 
UNEXCELLED REPEATABILITY vibration to 2,000 cps with negligible effect. For information on the application 
RUGGEDIZED of the silicon semiconductor strain gage pressure transducers to your system 
requirements, write to Fairchild Controls Corp. Dept. 50CE. 


wide application in control systems for defense and industry 


cs ’ aie Gyros 
© RS PRESSURE 
; TRANSDUCERS 
SS fae) EL eee) tae Teme POUENTIOMETERS 
“is ACCELEROMETERS 
225 Park Ave., Hicksville, L. 1., N.Y. 


STEEL PETROLEUM CHEMICAL MISSILE UNDERWATER 6111 E. Washington Bivd., Los Angeles, Cal. 
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SHOWN ACTUAL SIZE 


KEARFOTT 
SIZE 9 
COMPONENTS 


FOR SERVO SYSTEM MINIATURIZATION 


A complete family of Size 5 components for every servo system function is now available from Kearfott. 
This series offers the system designer complete latitude in miniaturization of his second-generation 
systems, with the performance and reliability heretofore found only in much larger units. 


Stainless steel housings, shafts and bearings protect the units against environmental extremes and con- 
tribute to stability under shock, vibration, and temperature fluctuations. * Standard 26-v, 400 cps 
excitation. * Synchro and resolver accuracy +10 min. * Operating temperature range —55° to +125°C. 
Computer-designed for optimum performance. 


CHARACTERISTICS 


SYNCHROS VOLTAGE CURRENT IMPEDANCE TOTALRMS ERROR 
ae (400 cps) (amps) INPUT OUTPUT TR. NULL (mv) (min) 
ransmitter 


CJO 0565 100 26 045 576 /74.7 94.2 /71.4 454 50 10 
Control Transformer 


Low Z-CJO 0555 100 118 .040 280 /70° 1050 /72° 1.765 50 10 


High Z-CJO 0555 900 11.8 016 630 /74° 2440 /74° 1.765 50 10 
Differential 


CJO 0595 100 118 040 280 /74° 350/69 1.154 50 10 


esolver 
Low Z-CJO 0585 100 26 d 537 /64.7 677 /74 1.0 50 10 


High Z-CJO 0589 100 26 i 1795 /68.1 2210/76 1.0 50 10 
Weight: 0.90 oz; Length: 1.250 in. 


R 





SERVO MOTORS MOTOR GENERATORS 


3126-06 5126-02 MOTOR €)40812001 CJ0 0812650 


No-Load Speed 9800 rpm 9800 rpm Voltage @1 /@2 (400 cps) 26 /36-CT 
Stali Torque 0.12 in. oz 0.12 in. oz Power /@ / , iw 


Rotor Moment of Inertia 0.175 gmcm? 0.175 gm cm? No-Load Speed 8000 rpm 
Voltage 1/2 (400 cps) 26/36-CT 26 /26 Stall Torque 12 in. oz 
Power Input /Phase 1.70 GENERATOR 


Voltage (400 cps) 
Power 
Volts /1000 RPM 
SYNCHRONOUS MOTOR Null 
CJO 0172 200 Weight: 1.05 oz; Length: 1.507 in. 

a ee 0.06 in. oz 

ull-Out Torque 0.10 in. oz 
Sep af a = GEARHEADS, BRAKES, CLUTCHES 
Length 1.24 in. 


Ww 
Duty continuous at stall 








Size 5 gearheads range in reduction ratios from 20:1 to 
1019:1 for servomotors and motor tachometers above. In addi- 
tion, Size 6 clutches, brakes, and brake-clutches are available 





Write for complete data 


KEARFOTT DIVISION >>) GENERAL PRECISION. INC. 


Little Falls, New Jersey Other Divisions: GPL, Librascope, Link 
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We Thermo Electric Thermocouple Extension Wires are 
Rugged! You can run us through heat, moisture, mechanical 
abuse, even contaminants — we still give you longer life and 
accuracy in your temperature measuring systems! 


We have so many types of insulations — plastics, fibers, metal- 
lic sheaths and armor — that you can choose exactly the right 


type to meet your applications. Our conductors are extra spe- | 


cial too! We’re drawn, calibrated and selected in our own 
wire mill to meet precise quality standards. 


WRITE TODAY FOR YOUR WIRE CATALOG W-11 


More than 18 pages of information on our whole 


family, including CERAMO® metal sheathed-ceramic | 
insulated wire and THERMO-CaBLE* — 6 to 56 pairs | 


of matched conductors in one cable. Write Today! 


*Trade Mark | 


Thermo THERMO ELECTRIC Co.,Inc., Saddle Brook, New Jersey 
red le C tric In Canada: THERMO ELECTRIC (Canada) LTD., Brampton, Ont. 








20 YEARS « Temperature Measuring Systems and Components 
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| NEW PRODUCTS 


manual and 10-wire input and has a 
tabulating programmable carriage for 
preparation of hard copy and a 
punched tape or punched card out- 
put. The MC 206 only lacks the 
punched output. Machine cycling 
speed is 145 machine cycles per min 
for printing only or 60 cycles per min 
printing and punching a 14-digit word 
with automatic insertion of indicative 
codes.—Monroe Calculating Co., Elec- 
tronics Components Div., San Fran- 
cisco, Calif. 

Circle No. 314 on reply card 
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TINY READOUT 


Said to be the smallest self-decoding 
readout available, this compact device, 
taking up 1 x 3.1 in. of panel space 
and extending 2.5 in. behind the 
panel, decodes either binary inputs 
or pulse trains and displays informa- 
tion in digital form. Alphanumerical 
characters are 3 x 1} in. and can be 
displayed at up to 50 characters per 
sec. Readout is lighted by two incan- 
descent bulbs; if one burns out the 
other continues the display. Power re- 
quired is 12 or 28 vde, 0.57 watt-sec 
per bit. Price: $20-50.—Datascope 
Corp., Culver City, Calif. 

Circle No. 315 on reply card 


RESEARCH, TEST 
& DEVELOPMENT 


PROTECTS TRANSISTORS 


This Model 86 voltage monitor is de- 
signed to protect costly equipment, 
such as large groups of transistors dur- 
ing life runs, from out-of-limits voltage 
excursions. ‘The device monitors dc 
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power supply output in the range of 
0-100 volts, permitting changes when 
in the certain bandwidth above and 
below a nominal selected voltage. Out- 
of-limits voltage causes the monitor 
to issue a protect signal which de- 
energizes a power relay. Operating 
speed for protection is about 20 mil- 
lisec.—Electronic. Measurements Co. 
of Red Bank, Eatontown, N.J. 
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HIGH REPETITION RATE 


Designed for applications where high 
repetition rates and narrow pulses are 
required, the TG-10 pulse generator 
features a frequency range from 1 to 
20 Meps in three overlapping ranges 
and an accuracy to within 3 percent 
of dial setting. Rise and fall time is 
less than 0.006 microsec and maxi- 
mum pulse bandwidth is 0.3 micro 
sec. Price: $1,250.—General Applied 
Science Laboratories, Inc., Westbury, 
N. Y. 

Circle No. 317 on reply card 


PLUG-IN METERS 


Users of this. unique line of digital 
voltmeters and digital volt-ratio meters 
can extend the capabilties of the basic 
instruments by plugging accessories in 
the units’ front panel. The Series 6000 
includes three voltmeters and threc 
volt-ratio meters ranging from a $930 
voltmeter, for use where automatic 
range and polarity and printout are not 
required, to a $2,230 volt-ratio meter, 
featuring automatic range and polarity 
and de ratio functions. Plug-in acces 
sories now available are a ac-de con- 
verter, de preamplifier, and input as- 
semblies. The last unit is included 
with all models.—Cimron Corp., San 
Diego, Calif. 

Circle No. 318 on reply card 
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ANGLE COUNTER 


KEARFOTT 
NAVIGATIONAL COUNTERS 


Direct visual counter display provides the advantage of en- 
abling lower valued increments of various angles to be easily 
read in terms of minutes and seconds of arc by means of 
relatively large size numerals. This advantage is achieved with- 
out the necessity of having vernier dials or similar devices. 
These counters are precision designed and their rugged con- 
struction assures a long life of trouble free service. B422 units 
are provided with either odometer or Geneva drives, while MK II 
units use Geneva drives. Gears, wheels, housings, and mounting 
flanges are constructed of durable materials, and Kearfott de- 
sign techniques provide maximum readability in a relatively 
small amount of space. Kearfott counters operate reliably 
throughout a temperature range of —65°C to +90°C and meet 
the military requirements for shock, vibration, and case size. 


FEATURES: = Long Operational Life = Compact Design 
= High Speed = Lightweight 


CHARACTERISTICS: 


All Counters Below Incorporate Geneva Drive 


MAXIMUM 
BREAK AWAY 
TYPE PART NO. OF MAXIMUM COUNTS MAXIMUM TORQUE 
NUMBER DIGITS COUNT PER REV. SPEED RPM @ 20°C 
B422 SERIES:' 
ANGLE B422-7)2 179° 59” 20’ 1200 75 
(center scale) C160432j 179° 59” 20’ 1200 75 
C1604314 179° 59.9’ 2’ 1200 0 
C160435) 179.9° x 1200 75 


DECIMAL C1604334) 99.9 2.0 1200 75 
(center scale) C160434-) 999.9 2.0 1200 75 


MK tl MK 2 MOD 1 4 359.9 2.0° 1800 
Mod | MK 3 MOD 1 3 359. 2.0 1800 
SERIES: C1604070043 4 359.9 2.0° 1800 
A403-20B 4 359.9 2.0° 1800 
' Available in left or right Shaft, End or Side Mount, Mask readout 
of N-S, E-W, (+), (—) 
2 Same as C1604327] except .040 shorter length 
(C160432 preferred for new designs) 
3 Available in various shaft extensions and white or bare aluminum numerals 


Write for complete data 


KEARFOTT DIVISION 


Dp GENERAL PRECISION. INC. 





Little Falls, New Jersey 
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1931 ... Birth of 
AGASTAT® 


reliability 





96] ... traditional quality 


in the new solid state AGASTAT 


The AGASTAT time/delay/relay principle dates back to 1931, when the 
first night airmail flight from New York to Chicago was preparing for take-off. 
When runway lights failed due to old-style time delay relays, necessity fos- 
tered a new design. Thus, through a need for reliability, the electro-pneumatic 
AGASTAT was born—first in a distinguished series of time/delay/relays. 
Solid state AGASTATs meet today’s needs for reliability. Countless hours 
of engineering, research and development have produced a static timing 
relay with the reliability essential for critical missile and computer use. 
Modular construction using selected semiconductor components permits 
flexibility and uniformity. Rigid quality control and component matching 
assure dependability. 

Solid state AGASTAT time/delay/relays are supplied in six basic types for 
delay on pull-in or drop-out, with fixed or adjustable timing ranges from 
0.01 sec. to 10 hours. Special circuitry protects against polarity reversal, pro- 
vides immunity to voltage variations and transients. Operation—18-32 vdc; 
-55c to 125c; load capacity up to 5 amps. Write Dept. $2-37 for technical data 
or immediate engineering assistance on your special requirements. 


TIMING INSTRUMENTS 
ELASTIC STOP NUT CORPORATION OF AMERICA 
ELIZABETH DIVISION * ELIZABETH, NEW JERSEY 


IN CANADA: ESNA CANADA, LTD., 12 GOWER ST., TORONTO 16, ONTARIO, CANADA 
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NEW PRODUCTS 


PRIMARY ELEMENTS 
& TRANSDUCERS 


FOR HIGH TEMP 


['wo new lines of pressure transducers 
using a differential transformer tech- 
nique have been designed for applica- 
tions involving high temperatures and 
pressures to 5,000 psig. The Model 
P (left above), which has a probe that 
fits a 4-in. ID well, has its pressure 
sensing diaphragm mounted at its 
end. The Model L is of more con- 
ventional design with the diaphragm 
within the body of the transducer. 
Both units use a unique design with a 
diaphragm sensitive to movements of 
less than 0.05 in. Accuracy is to 
within less than 0.5 percent. Ambient 
temperatures can be as high as 300 
deg C. Both models are said to be the 
smallest and lightest available. Prices 
start at $190.—Precision Research, 
Inc., Stamford, Conn. 

Circle No. 319 on reply card 


CONVERTS DC SIGNALS 


Both de signal amplification and con- 
version to pneumatic signal with 0.75- 
percent error is available in this E-300 
unit at moderate cost. Both functions 
are contained within a single water- 
proof or explosion-prorf enclosure. In- 
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terchangeable function cards permit 
a wide range of dc output devices. 
Force-balance principle of feedback ROCKWELL-REPUBLIC 
comparison is used in the unit’s trans- 
mitting potentiometer to provide 
automatic compensation for transient R > e A , 
errors. Conversion is by a pneumatic atios wit in 1% accuracy 
relay section using a force balance. 
Price: $400.—Robertshaw-Fulton Con- ° h " 
trols Co., Aeronautical and Instru- wit out Square root extraction 
ment Div., Anaheim, Calif. 
Circle No. 320 on reply card 





This flow ratio control 
VRC ratio VC-P-A Controller system isa typical appli- 
computer cation of a VRC Ratio 
a —— Type “A" M/A 

ie AP control station Computer. Rockwell- 


; : ; = bt wate Republic produces all 
Especially suited for dynamic meas- = positioner components including 


urements in remote models, combus- orifice sections and con- 
tion chambers, and turbines, this a 7 trol valves required for 
Mode! 2206 is small, high tempera- control valve —a this system. You get the 
ture shock and vibration transducer. added value of one- 
Liquid cooled, the accelerometer can source responsibility. 
operate on surfaces with temperatures : 

up to 2,200 deg F. Only ¢ in. hex x The new Rockwell-Republic 20 ovte-taet 

4 in. high, excluding connectors and VRC ratio computer replaces a ° 


mounting stud, the unit weighs 1.6 conventional ratio device and *82si9 newt ROCKWELL-REPUBLIC 
oz. Price: about $400.—Endevco t : j ~hem 

: wo square root extracting mech- 

Corp., Pasadena, Calif. q g L Biasing 


Rinciy te, S00 es cadtcaed anisms in the flow ratio pneumat- springs 
ic control system shown above. 
Flow ratio may be directly re- ne 
corded. The VRC is the newest _Nen-biess 


pneumatic 


addition to the Rockwell- *"* 


CONTROLLERS, Republic family of Null-Balance  »psie 


air supply 


Vector instruments. These com- > J 


SWITCHES & RELAYS pact, lightweight, 3 to 15 psig 


pneumatic control instruments _ output 
include the VDP flow transmit- *”"r,. 

ters and the VC-P controller, 0c) Cam positioner 

also shown above. One basic This schematic of the VRC Ratio 
principle is employed by the en- Computer shows how a cam con- 


» ¢ trols position of the weighbeam and 
tire vector instrument line. Thus, thereby controls the null-balance 


spare parts inventories and train- vector mechanism so that output 


° ° . pressure is proportional to the ratio 
ing problems are simplified when of the two input pressures or the 


these instruments are used to- actual flow ratio. Shape of cam char- 
gether acterizes relationship of output 


is ences tafeatiod sheet pressure to ratio of input pressures. 
these and other Rockwell-Repub- TTTTy uSTRUMENT! 
TRANSISTORIZED RELAY —iieoaee sentnsnecn 

SAR hacer ROCKWELL 
This sensitive transistorized relay fea- 


tures high impedance input and is use- 
ful for stop motion, inspection, sort- aS ee ee 
ing, and positioning of machinery. 
Device is rated at 10 amps, 300 vac 
and has dpdt contacts. Typical appli- 
cations include stop motion in textile 
machinery; tool positioning; and oper- 
ation with photocells, thermistors, and 
liquid level probes.—General Electric 
Co., Schenectady, N. Y. 
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LIQUID COOLED 





























Please send latest 

literature on the foliowing: 

© VRC Ratio Computer © Process Transmitters © Controllers 
0 Control Vaives 0 Control Stations © Recorders 
0 Flow Meters © Orive Units O V-5 Gauges 
0 Desuperheating & Pressure Reducing Systems 

0 Electronic Control Systems O Pneumatic Contro! Systems 


Name Title 
Company. 
Address 
City Zone State 

















WORKS ON LOW POWER 


Two new highly sensitive static plug-in 
power modulator units have been in- | 


Republic Flow Meters Co. (Subsidiary of Rockwell Manufacturing Company) 
2240 Diversey Parkway, Chicago 47, Illinois 


EO OG A a ca on eS Oe Oe em 
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TO CONTROL 


MACHINE OPERATIONS 


Using motor load as the measured variable, API’s 
Load Sentry is probably the most versatile—and per- 
haps the simplest—discrete machine control you’re 
likely to find around. You can use it to switch from 
one feed rate to another, to measure actual accumu- 
lated work time or work count, to protect against 
mechanical or electrical overload from such causes as 
faulty work positioning, excessive torque, etc. All these 
conditions—and many more—are accurately reflected 
in motor-load current, a convenient means of control 
actuation. 


Fast-acting Load Sentry will respond in less than 
0.2 seconds to motor-load variations as little as 5% 
(in some cases 3%) of whatever norm you select. A 
simple index-pointer setting establishes the motor- 
load limit. 


Built around the API contact meter-relay, Load 
Sentry is available as a simple contacting meter or a 
complete control package, ready to install. It has the 
inherent reliability of the locking-coil meter-relay: 
you can expect at least ten million operations without 
failure. 


Load Sentry can be supplied to 
measure either amps or watts. It 
can be damped to limit response to 
steady overloads of up to three sec- 
onds’ duration, and can include 
provision for start-up time delay. 
Bulletin 106-C will give you more 
detailed information. 


ASSEMBLY PRODUCTS, 
CHESTERLAND 77, OHIO 
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| NEW PRODUCTS 


troduced which use signals of 300 
microwatts or less to control large 
amounts of power directly. The Model 
101 C works on variations of voltage 
or resistance generated in high im- 
pedance components such as strain 
gages, pressure transducers, or thermis- 
tors. The Model 101 PC is designed 
for direct proportional light actuation. 
On-off or proportional response time is 
10 microsec. Resistive, capacitive, or 
inductive loads can be up to 440 volts, 
60 cps. Prices: about $65 and $74.— 
Compact Circuits, Inc.. Newark, N. J. 

Circle No. 323 on reply card 


NEW DESIGN CONTROLLER 


Full visibility circular readout dial 
and rugged, moisture and dust-proof 
encapsulated circuit plug-ins are fea- 
tures of this new indicating tempera- 
ture controller. The 6,000 Series uses 
a precision Wheatstone bridge ‘circuit 
principle in four control modes, in- 
cluding proportional and three-mode. 
A fail-safe resistance sensing element 
is used with the controller. Tempera- 
ture ranges from —300 to +2,000 deg 
F are available. A hinged front is pro- 
vided for easy accessibility, and the 
unit fits standard enclosure cutouts. 
Prices start at $195.—Electronic Proc- 
esses Corp., San Francisco, Calif. 
Circle No. 324 on reply card 


ACTUATORS & 
FINAL CONTROL 
ELEMENTS 


SUBMINIATURE VALVE 


New B Series subminiature solenoid 
valve is smaller than any standard line 
available. The devices measure only 
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1 in. in diam by 24 in. high; weight 
is just 5 oz. The valves can be used 
in both hydraulic and pneumatic sys- 
tems with all common media. Body 
and operating parts are of stainless 
steel. Orifices are #& in., and fluid 
connections are vs in. PTF; because 
of the small size, a fitting to adapt to 
4-in. flared tube is supplied. Operat- 
ing differential pressures can be from 
a vacuum of 5 microns to pressures of 
150 psi. Three-way NC valves are 
now available; three-way NO direc- 
tional control and two-way NO and 
NC valves will be introduced soon. 
Coils for most ac voltages and frequen- 
cies and for dc are standard. Price: 
about $15.—Skinner Electric Valve 
Div., Skinner Precision Industries, 
Inc., New Britain, Conn. 

Circle No. 325 on reply card 


WITH OR WITHOUT GEARS 


Designed for use in computer systems, 
camera drives, scanning devices, and 
other aerospace applications, this Size 
8 synchronous motor can be supplied 
with or without an integral gearbox. 
The subminiature 400-cps unit meas- 
ures 0.96 in. long without gears and 
2%% in. long with the gearbox. Syn- 
chronous speed is 8,000 rpm. Gearbox 
ratios are from 5 to 1 to 20,000 to 1. 
Ungeared motor weighs 1.25 oz and 
in lots of 100 costs $70 each.—Kolls 
man Motor Corp., Dublin, Pa. 

Circle No. 326 on reply card 


COMPONENT 
PARTS 


FITS STANDARD VALVES 


Newest in the manufacturer’s line of 
building block servosystem compo- 
nents is this Model EAPS-A-10 ampli- 
fier designed for operation with all of 
the firm’s standard industrial servo- 
valves. Load is intended to bé 3-watt 
PM motor with coils having 2,200 
ohms per side. A static gain is con- 


JULY 1961 





“a 1% full scale range 
oxygen analyzer?” 


“Yen... unaffected by hydrocarbons 
and explosion proof, too.” 


This is the plug-in receiver-amplifier section of the Hays Low Range 
Oxygen Analyzer. 0-1 to 0-3% standard range with 0-10°% coarse 
setting available for process startups. Just one of the wide line of 


Hays gas analyzers mentioned in... 


Catalog C600 


CORPORATION + MICHIGAN CITY, INDIANA 
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IT TRANSFORMS A FEATHER’S TOUCH 


INTO 


WORKING 
HORSE POWER 


50 lbs. 
OUTPUT 


8 ounces 


INPUT 


The Seneca Falls Mechanical 
Power Amplifier amplifies torque 
from any control input device 


Yes, ANY input source... manual 
movement, servo motor, synchro 


receiver—you name it. 
TWO SIZES 2 


MORE COMING Here is a fresh and simplified ap- 


The Seneca Falls Mechanical , re ive ~ 
Rower ‘Amplifier is immediately proach to your power drive prob 


available in two sizes: 30 ft. Ibs. " . a. ae : . . 
torque, and 120 ft. Ibs. corque. The lems; an easily maintained unit 
larger unit is illustrated above ina 


Ee ao dosidonandspeedcon. Whose excellent dynamic response 
oe permits the design of high sensitivity 


The Seneca Falls Mechanical 
Power Amplifier is a simple, power control systems. 


servo drive in striking Contrast to 
the more complex electrical and 


hydraulic devices. Years of service Seneca Falls offers individual control 


in rugged applications prove its 
dependability, long life and nel: ~~ components as well as complete sys- 


tems including, if wanted, the me- 
on chanical assemblies to be controlled. 


enc | Write for Bulletin EE 1009 


and tell us your problems 


SENECA FALLS MACHINE CO. 
SENECA FALLS, N. Y. 
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NEW PRODUCTS 


tinuously variable from 80 ma per volt 
to 1 ma per volt. Low level signal 
sensitivity is less than 30 microvolts. 
—Vickers, Inc., Div. of Sperry Rand 
Corp., Detroit, Mich. 
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SCR AND TRIGGER 


Designed as a low cost unit for indus- 
trial controls and even consumer de- 
vices, the TI-40 silicon controlled 
rectifier has a forward current rating 
of 3 amp and forward and _ reverse 
voltage ratings of 200 volts. The 
diffused device is produced in a stud 
package. Also available from this 
manufacturer is another _ silicon 
PNPN device, the TI-41 trigger for 
firing SCR’s. Built in a rugged, hard 
glass diode package, it has a forward 
breakover voltage of 30 +6 volts, 
a maximum breakover current of 100 
microamp, and a maximum forward 
voltage drop of 5 volts at Ir = 100 
ma. The trigger can also be used in 
logic circuits, function generators, and 
for core driving. TI-40 quantity price: 
$6.50; TI-41: $1.80—Texas Instru- 
ments, Inc., Dallas, Tex. 

Circle No. 328 on reply card 


PIAS s3-. 


(329) Claimed by its manufacturer, 
Motorola Semiconductor Products, 
Inc., Phoenix, Ariz., to be the highest 
frequency germanium transistor ever 
offered to military specifications, the 
2N700A, priced at $9.50, is capable of 
an oscillating frequency over 1,000 
Meps. . . . (330) A new solid state 
analog to pulse duration converter 
available from Genisco, Inc., Los 
Angeles, Calif., changes a low level 
electrical input signal to a pulse 
linearly related in duration to the in- 
put signal amplitude. 

Circle 329 or 330 on reply card 


ACCESSORIES 
& MATERIALS 


CHANGES CHARTS 


The Dial-O-Graph chart changer 
makes circular chart recording instru- 
(Continued on page 147) 
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Keeping Power 
Transistors Cool 

Constant watts prot 
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low safe level; tells 
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power supply 
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ments fully automatic, allowing them 
to run for days or weeks completely 
unattended. ‘The device will change 
charts on any cycle; change inter\ als 
can be a few hours or a few days. 
Several recorders in a plant can be 
synchronized for chart change at the 
same time. The changer can be 
fitted to any standard make, model, or 
type of recorder. As many as 50 
charts can be loaded at one time, and 
additional charts can be loaded during 
recording. Lapse from one chart to 
the next is only 0.1 sec. Complete 
charts are stored chronologically in a 
metal catcher.—Mullins Manufactur- 
ing Co., Inc., Dallas, Tex. 

Circle No. 331 on reply card 


OXIDE SOURCE 


[his new silicon monoxide source is 
designed to produce precise vacuum 
deposition for thin film and semi- 
conductor work. The tantalum unit 
aids in controlling rate of evaporation, 
distribution pattern, pressure, and 
particle rejection. Surface pinholes 
and streaming of particles is almost 
eliminated.—Allen-Jones, Inc., Long 
Beach, Calif. 

Circle No. 332 on reply card 


FAAS.» «< 


(333) Available now from Whiteford 
Laboratory, Lynn, Mass., is a series of 
“right side” tape winders with six, 
eight, or 12-in. diam reels which may 
be used as integral components of 
EDP systems. . . . (334) Minnesota 
Mining & Manufacturing Co., St. 
Paul, Minn., has placed on the market 
a one-part fully flexible Class F epoxy 
resin suitable for encapsulation of com- 
ponents with sensitive core materials 
or extremely fine wire. 

Circle Nos. 333 or 
334 on reply card 
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BLH ADVANCES THE STRAIN GAGE ART 
WITH NEW WELDABLE, PRE-STABILIZED 
GAGES THAT INSTALL IN MINUTES 


‘For the first time, strain gages that are both 


easily weldable and electrically stable from 
cryogenic through 750°F temperatures. 


New BLH Weldable Strain Gages incorporate 
special SR-4*® foil gages bonded to stainless 
steel shim stock .005 in. thick’which can be 


matched to the coefficient of the test material. 


This new development enables gages to be 
closer to-the test surface, improves conformity 
with the ‘surface, and eliminates local buckling. 


No curing needed after installation, because 

the gages are fully stabilized by heat treating. 
They offer high linearity of strain response 

in either tension or compression and operate 

in a strain range of +0.5%. 


Two types available—a phenolic—bonded 
Constantan foil for temperatures to 500°F 
and a ceramic—bonded Nichrome V foil for 
temperatures to 750°F and higher. Temperature 
compensation is available to +1 ppm/°F for 
units utilizing Constantan foil. 


Wide range of applications is seen for sehting 
nuclear reactor power loops, liquefied gas 
pressure vessels and systems, rocket and missile 
components and engines, and wind tunnel and 
shock chamber testing of aircraft parts. 


Available locally through 16 BLH sales 

engineering representatives in the U.S. and 
Canada. For detailed information or assistance, 
contact the one nearest you-——or us here 

in Waltham. 


BALDWIN «+ LIMA « HAMILTON 
Electronics & Instrumentation Division 
Waltham 54, Mass. 
SR-4® Strain Gages - Transducers ; Temperature Sensors «- Systems j 
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The Static Relay 
with | 
Meter Movement Sensitivity 


The ultRelay, a new solid state ultrasensitive relay with input sensitivity to 0.25 
microwatt, was designed specifically for applications which previously required 
fragile meter movement relays. Absence of mechanical contacts, bearings and 
moving coils permit millions of switching cycles and freedom from failures 
caused by contact chatter, vibration, wear and burning. 


Input sensitivity to 0.25 microwatt D.C. 
Low input resistance 

Directly operable from thermocouple output 
Power amplification to 95 db 

60~ 115V loads to 400 watts 

Vibration and shock resistant 

No external reset circuits required 

Single, double or differential input options 
Electrical isolation between load and control 
Size, 3” x 3” x 314" 

Single pole, N.O. or N.C. units available 


Send for literature ™ 


Electronics Division (4 
AIRBORNE ACCESSORIES CORPORATION 
1414 Chestnut Avenue, Hillside 5, New Jersey; MUrdock 8-0250 
5456 W. Washington Boulevard, Los Angeles 16, California; WEbster 8-3227 
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BULLETINS AND 
CATALOGS 


The first three items in this section are ex- 
amples of especially useful applications 
literature. Direct request to the manufac- 
urer is required for the third. 


Time controls 


Originally prepared for the manufacturer’s 
distributors, this Basic Timing Instruction 
Manual is a handy, pocket sized, plastic 
ring bound instruction book on time con- 
trols. The 70-page publication concen- 
trates on practical information, starting 
with a basic introduction to time con- 
trols and circuitry and continuing through 
diagrams of complex applications. By fol- 
lowing the step-by-step progression, even 
a beginner should be able to understand 
the multi-step application circuits at the 
end of the book.—Haydon Div., General 
lime Corp. Circle No. 400. 


Ceramic tube data 


I'wo new volumes now available from this 
manufacturer cover its line of ceramic re- 
ceiving tubes with what is said to be the 
most complete compilation of data on 
the subject. Bulletin ETD-2134 is a 
52-page three-color illustrated brochure 
that describes uses of the tubes and their 
construction and performance features. 
Photographs, characteristic curves, and 
dimension drawings of typical units are in- 
cluded. Bulletin ETD-2713, a 213-page 
handbook, gives complete technical data 
on the manufacturer’s line of these tubes. 
—General Electric Co., Receiving Tube 
Dept. Circle No. 401 (ETD-2134); Circle 
No. 402 (ETD-2713). 


Frequency, time standards 
[his comprehensive text gives full cover- 
age to the field of frequency and time 
standards. First section of the 56-page 
Application Note No. 52 covers the gen- 
eral topics of frequency and time control, 
radio propagation, and time scales. Other 
sections cover operation of typical systems 
and computations involved in frequency 
and time determination. Tables of trigo 
nometric functions needed in the comput 
tations are given, and a group of data 
sheets covering the manufacturer’s equip 
ment used in the systems is included. 


—Hewlett-Packard Co., Palo Alto, Calif. 


DIGITAL MODULES. Navigation Com- 
puter Corp. Catalog, 16 pp. Describes the 
300 Series of transistorized digital card 
modules. Logic diagrams and verbal de- 
scriptions for each device are given along 
with input, output requirements. A price 
list and quick reference sheet of power re- 
quirements are included. Circle No. 403. 
SEMICONDUCTOR LINE. Transitron 
Electronic Corp. Condensed catalog, 12 
pp. Covers line of transistors, diodes, 
controlled rectifiers, and other semicon- 
ductor components. Easy-to-follow color 
layout includes photographs, dimension 
drawings, and tables of specifications. 
Circle No. 404. 

INDUSTRIAL LIMIT SWITCHES. 
R. B. Denison Manufacturing Co. Bul- 
letin 201, 12 pp. Complete description 
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New versatility and reliability | 
for controlling high resistance | 
liquids...UP TO 12.5 MEGOHMS! 


CONTROLS 


Now—two new performance-proved electronic relays 
that provide accurate, reliable, floatless means of 
controlling any conductive liquid or moist bulk mate- 
rial having a resistivity of up to 12.5 megohms! 


© Outstanding features and characteristics include: 
Positive means of adjusting sensitivity for specific 
applications. Very low electrode potential and low 
electrode current. No shock or sparking hazards. 
No product contamination due to electrolysis. Quick 
and easy conversion for direct or inverse operation. 
And, because both relays will operate several miles 
away from the level sensing electrodes, they permit 
accurate control of liquids from remote locations. 


Other reliable B/W Fleatless Liquid Level Control Equipment 


Induction Type Relays Automatic Alternators 





Signals and Alarms Electrodes and Holders 


& 
rsd 


Complete technical data available upon request—write today? 


a CONTROLLER 
THE TB] U CORPORATION 


2200 E. MAPLE ROAD « BIRMINGHAM, MICHIGAN 
Manufacturers of Liquid Level and Industrial Motor Controls 
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KIDDE 
PRESSURE 
VESSELS: 


MORE SHAPES, 
MORE SIZES, 
MORE 
EXPERIENCE! 


For more than 40 years, Kidde engineers have designed and made thousands 
of pressure vessels in a multitude of shapes, materials, capacities and 
strengths. Today, with pressure vessels an important part of missile or 
rocket programs, it’s only logical that engineers rely on Kidde experience. 

Kidde pressure vessels range from doorknob size to 3500 cubic 
inches capacity; from a life of 10 cycles to 500,000 cycles; pressures up to 
20,000 psi. Kidde pressure vessels are made in steel, fiberglass, aluminum 
—welded or drawn—wire wound—minimum weight for application. Config- 
urations are practically limitless—including cylindrical, spherical, conical, 
torus. Many are available on an off-the-shelf basis! 

In addition to solving current problems in pressure vessel applica- 
tions, Kidde engineers are also hard at work advancing today’s techniques 
to solve tomorrow’s problems. So, if pressure vessels have you stumped, 
why not call on Kidde for the answer... most people do! 


=o— 


Kidde Aero-Space Division 


Walter Kidde & Company, Inc.,717 Main St., Belleville 9, New Jersey 


Saies-Engineering Offices: Atlanta « Boston « Dayton * Huntington (NY) « St. Louis « San Diego « Seattle» Van Nuys (Ca!) « Washington (DC) 
Walter Kidde-Pacific, Van Nuys, California « Walter Kidde & Company of Canada Ltd., Montreal, Toronto, Vancouver 
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PRECISE SHAFT PC 


The new Gurley Resolver Test Stand solves the long- 
standing need for a reliable instrument in production 
tests of resolvers, synchros, potentiometers and other 
such equipment. 

The Gurley Model 7530 test stand is a precision 
shaft-positioning device, consisting of an optical co- 
incidence reading system with + 2 second accuracy, 
a rack and gear for precise shaft positioning, and an 
adaptor plate and coupling. 

In use, the unit under test is mounted on the adaptor 
plate and is connected to the shaft of the test stand 
by a miniature flexible coupling. The shaft system is 
then quickly adjusted to an approximate angular po- 
sition by means of the rapid drive disc. Accurate final 
positioning is accomplished with a slow motion drive. 
The angular position of the shaft is read directly to 
the nearest second of arc. 

For an illustrated bulletin, write on your letterhead 
to Industrial Division, W. & L. E. Gurley, 537 Fulton 
Street, Troy, N. Y. 


W.& L. E. GURLEY 


TROY, N. Y. 
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WITH GURLEY RESOLVER TEST STAND 





SMALL © RUGGED © POWERFUL © DEPENDABLE 


eg J tm 


~ TORQUE MOTORS 


THE MODEL 11 


WEIGHT 12 OZ. 


THE MODEL 9 


8 pounds 


8 pounds 


WEIGHT 19 OZ. 


These powerful actuators are designed 
primarily to stroke the pistons in hydraulic 
or pneumatic servo valves; however, they 
are being used in many engineering fields 
as basic transducers to convert a few watts 
of power into a linear mechanical motion. 
Small, yet rugged with completely impreg- 
nated and incapsulated coils, these actua- 
tors perform faithfully even in areas of 
high humidity or while immersed in hydro- 
carbon fluids. The armatures of all units 
are symmetrically designed so as to be 
relatively insensitive to lateral accelera- 
tion. Both models will withstand tempera- 
tures up to 200° C. 


Write Dept. CE 


MIDWESTERN 
E S 


INSTRUMENT 


CIRCLE 167 ON READER SERVICE CARD 
CONTROL ENGINEERING 





Bulletins & Catalogs 


and dimension drawings are given for all 
models of the manufacturer's Loxswitch 
heavy duty limit switch. Descriptions and 
wiring diagrams are given for 45 contact 
arrangements. A page is devoted to back- 
ground information on applying limit 
switches with emphasis on correct design 
of actuating systems. Circle No. 405. 
ACCURATE ACCELEROMETER. 
Donner Scientific Co., Sub. of Systron- 
Donner Corp. Bulletin, 8 pp. Describes 
a transistorized linear force-balance acceler- 
ometer “hat features an accuracy to within 
0.1 percent. Included are applications, cir- 
cuit descriptions, specifications, and guide 
to ordering. Photos, diagrams, frequency 
response plots, and tables of parameters 
tell the main story with some text mate- 
rial. Circle No. 406. 

HIGH VACUUM COMPONENTS. 
Consolidated Vacuum Corp., Sub. of Con- 
solidated Electrodynamics/Bell & Howell. 
Bulletin 10-1, 28 pp. Valves, baffles, traps, 
and adaptors designed for high vacuum 
are covered in this illustrated two-color 
catalog. Dimension drawings and tables of 
specifications are included. Valve types are 
gate, right angle, pole, globe, and combina- 
tion valve-baffles. Baffles included are 
chevron ring, multicoolant, water cooled, 
and liquid nitrogen types. Glass, copper- 
foil and Sorbent A traps are covered. Cir- 
cle No. 407. 

TEMPERATURE TRANSMITTER. 
Minneapolis-Honeywell Regulator Co., In- 
dustrial Div. Specification S 630-1, 8 pp. 
Outlines features and specifications on both 
indicating and nonindicating models of a 
new pneumatic temperature transmitter. 
Specifications on gases and mercury filled 
systems available with the unit are also 
included as is ordering information. Circle 
No. 408. 

POWER SUPPLIES. Kepco, Inc, Cata- 
log B-611, 32 pp. Complete data on more 
than 150 standard models in the com- 
pany’s lines of regulated dc power supplies 
is included in this illustrated catalog. Semi- 
conductor, vacuum tube, magnetic, and 
hybrid circuits are among those described. 
There is a special nomograph of voltage 
drop vs wire size and supply current. Cir- 
cle No. 409. 

DRIVE APPLICATIONS. U. S. Electri- 
cal Motors, Inc. Brochure No. F-2028, 6 
pp. Covers applications of ac controlled 
speed systems to industries such as paper, 
fabric, plastics, and metal strip processing. 
l'ypical diagrams and photographs of ten- 
sion control and tensionless operation are 
included. Circle No. 410. 
PHOTOVOLTAIC READOUTS. Hoft- 
man Electronics Corp., Semiconductor 
Div. Data Sheet No. 128-361S. Outlines 
silicon solar readout cells and features their 
application in the field of punch tape read- 
ing. Characteristic curves and tables of 
specifications as well as typical schematics 
are included. Circle No. 411. 

DIGITAL MODULES. Computer Con- 
trol Co. Catalog T, 12 pp. Covers com- 
plete line of T-pac digital modules, a 1-Mc 
series including flip-flops, memories, de- 
lays, etc. Technical descriptions and pho- 
tographs are given also for power supplies 
and accessories. Circle No. 412. 
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HIGH 
ELIABILITY 


Sub-Miniature 


MISSILE RELAYS 


The history of Dunco FC Relays is one of never 
ending development to keep these durable, 
subminiature units fully abreast of the steadily 
advancing missile and aircraft requirements. As 
a result, they are prominently identified with 
many of today’s most successful missile pro- 
grams. Continued engineering of every detail 
aims to keep them there tomorrow! 


Write for Dunco Data Bulletin FC 


NEW! 


10-AMPERE TYPE 


with all-weilded 
construction 


Constructed for fully dependable 10- 
ampere DC service, these sturdy little 
DP-DT Dunco FC-215 relays withstand 
30 G vibration to 2,000 cycles and 50 
G shock. Throughout, they are uniquely 
designed to meet or surpass MIL-R-5757 
and MIL-R-25018 requirements. 


Write for Dunco Data Builetin FC-215 


STRUTHERS-DUNN 


Pitman, New Jersey 
6,348 RELAY TYPES 


Sales Engineering offices in: Atlanta Boston * Buffalo * Charlotte 
Chicago © Cincinnati ¢ Cleveland © Dallas « Dayton « Denver Detroit 
High Point ¢ Kansas city e Los ~— e Montreal « New York 
Orlando © Pittsburgh ¢ St. Louis e San Carlos * Seattle « Toronto 
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where 
have the 


simple relays 


Many, of course, have disappeared 
along with the relatively simple jobs 
they were asked to perform. (A good 
telegraph relay * or pulse repeater today, 
for example, should not only be small but 
able to transfer its contacts on a milliwatt 
or so about 500 times a second for half a 
billion operations —and then be repair- 
able, adjustable and lovable besides.) But 
there are still plenty of naive, uncompli- 
cated loads around that ask only to be 
switched on and off, at reasonable inter- 
vals, by a device that doesn’t have so 
many parts and fancy thingamajigs that 
it may become temperamental and refuse 
to work without being coaxed. 


For such applications we are happy to say 
we have a paragon of ingeniously simple, 
fool-proof relay design. It won’t make the 
same confidence-inspiring noise as the 
classic above and it’s not for telegraphy, 
but you can see through its enclosure and 
watch its contacts surely open and close. 
The designer started with the 
familiar enclosure and octal plug- 
in base and then developed the 
relay accordingly (with UL re- 
quirements in mind); he didn’t 


*Plug Coctal, that is) for Sigma Series 72 relay 


h“\. just take an existing relay and tack 


ey, 


on a new base and enclosure. As a re- 
sult, the parts make the best use of the 
volume (1546” square x 2%" high) and are 
big, simple, rugged and few in number. 
The base is specifically designed to carry 
the 10 amp. loads the relay will switch. 


The relay is designated “Series 46” and 
intended for general purpose, heavy -duty 
DPDT switching on AC or DC inputs. 
Rated DC loads are 5 amps at 28 volts, 
1 amp. at 120 volts; AC, 1200 volt- 
amperes per pole with 240-volt and 10- 
amp. maximums. Life ranges from 10 
million operations with 1-amp. loads to 
half a million with 10-amp. loads. The 
relay can be as sensitive as 200 milliwatts 
DC, or 0.2 v-a AC, 


We've looked at what else is available for 

the same modest price and the “46” specs 

give us considerable hope. If your prob- 

lem has been the right specs but the wrong 
price, or vice-versa, perhaps 
you'd like the 46 AC and DC 
bulletins. In the meantime, always 
remember: You can be sure if it’s 
Sigma, it’s simple. 


MATHEMATICAL HANDBOOK 
FOR 
SCIENTISTS AND ENGINEERS 


Just Published. Helpful reference to 
facts and data in all areas of math- 
ematics ... and an outline of math- 
ematical methods vital in engineer- 
ing and scientific applications. Each 
chapter reviews an entire subject. 
Covers Boolean algebra, random 
processes, calculus, statistics, and 
more. By G. A. Korn, Univ. of Ari- 
zona, and T. M. Korn, 943 pp., 110 
tables, $20.00 


ELECTRONIC 
MEASURING INSTRUMENTS 


Just Published. Full data on today's 
electronic instruments — how they 
work . what they do... how 
they are used in measurement and 
control systems. Includes a wide 
range of equipment: test and check- 
ing instruments, components, and 
systems for counting, simulation, 
and computation. By H. E. Soisson, 
Gen. Elee, Co. 352 pp., 328 illus., 
$7.50 


INTRODUCTORY SYSTEM 
ANALYSIS 


dust Published. Concepts and tech- 
niques of electrical engineering, 
with emphasis on dynamics of 
physical systems. Among the topics 
treated are analog computers, signal 
analysis, mechanical and other net- 
works, signal-flow graphs, etc. By 
W. A. Lynch and J. G. Truxal, Poly. 
Inst. of Bklyn. 450 pp., 481 illus., 
$7.50 


AN INTRODUCTION TO 
THE PRINCIPLES OF 
COMMUNICATION THEORY 


Just Published. Describes funda- 
mentals of non-deterministic or ran- 
dom time functions and their appli- 
cation to analysis and design of 
communication systems. Covers fre- 
quency vs. time domain, two-ter- 
minal pair linear systems, noise and 
more. By C. Hancock, Purdue 
Univ. 263 pp., illus., $9.50 


SEMICONDUCTOR DEVICES 
AND APPLICATIONS 


dust Published. Treats fully the 
physics and characteristics of cir- 
cuits, stressing the operation of a 
variety of electron devices. Dis- 
cusses semiconductor and junction 
properties, characteristics and par- 
ameters, switching effects and cir- 
cuits, and other topics. By R. A. 
Greiner, Univ. of Wisconsin. 493 
pp., illus., $12.50 


Dept. 0 N- =f 


otram- Hill Book Co., 
327 York 36, 


. 4ist St., New 


Send me book(s) checked below for 10 days’ ex- 
amination on approval. In 10 days I will remit 
for book(s) I keep plus few cents for delivery costs, 
and return unwanted book(s) postpaid. (We pay 
delivery costs if you remit with this coupon—same 
return privilege. ) 


Oo as & Korn—Math. Hdbk. for Scien. & Engrs., 
20 

2) Soisson—Elec. Meas. Insts., $7.50 

© Lynch & Truxal—tntro. Sys. Anal., $7.50 

oO les Intro. to Prin. of Comm. Theory, 
9.50 


C) Greiner—Semicon. Dev. & Appli., $1f 50 


SIGMA 


SIiIGMA INSTRUMENTS, INC. 


69 PEARL ST., SO. BRAINTREE 85, MASS, 


| Company 
Position 


For price and terms = ggg 
Write McGraw-Hill Intl, 


U.S. 
N.Y.C 36 CON.7 | 
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ABSTRACTS 





Control system specs 


From “A Set of Standard Specifica- 
tions for Linear Automatic Control 
Systems”, by J]. E. Gibson, Z. V. 
Rekasius, E. S. McVey, R. Sridhar, 
and C. D. Leedham. American In- 
stitute of Electrical Engineers Paper 
No. 61-78 presented at the AIEE 
Winter General Meeting, New 
York, N. Y., January 29-February 
3, 1961. 


Automatic control has matured to 
the point where it is possible to con- 
sider standardizing performance speci- 
fications, and this paper reports on a 
2-year study of linear systems. A sys- 
tem is considered linear if its response 
lies within the tolerances placed upon 
the linear specifications recommended 
for its idealized (linearized) mathe- 
matical model. All the recommended 
specifications rest solely on input-out- 
put measurements. 

The recommended frequency do- 
main specifications are M-peak, peak 
frequency, bandwidth, and peak out- 
put impedance. ‘The recommended 
time domain specifications are time 
delay, rise time, settling time, percent 
overshoot, and final value of error. In 
both cases a template is defined that 
incorporates these specifications and 
permits a go no-go determination on 
the basis of a frequency response test 
and a step response test. 

The ITAE, ITSE, ISTSE, and 
ISTAE generalized indices of perform- 
ance are given tentative approval, but 
it is felt that more work must be done 
in this area before a final recom- 
mendation can be made. 

Only those specifications necessary 
for a specific application should be 
called out. Overspecification results in 
a more expensive and possibly less reli- 
able system. This point cannot be 
overemphasized. 

It is recommended that statistical 
design specifications not be employed 
at the present state of the art. Of 
course, all statistical input and _per- 
formance data available should be sup- 
plied to the vendor, and he is entirely 
free to make whatever design use he 
cares to of it. 

Finally, though it is impossible to 
differentiate on an engineering basis, 
within the constraints of this work, 
between the various data presentation 
schemes, the Root-Locus and Nyquist 
diagrams are recommended on the 
basis of familiarity to the field and 
anticipated usefulness in the specifica- 
tion of nonlinear systems. 
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SETTING THE PACE 


by Eston Fox, Sales Manager, Pace Controls Corp. 


New Key Component for Servo Control 
Modern high precision servomechanism control systems are now bene- 


fiting from a revolutionary new concept... 


the DIGITORK Incremental 


Motor. Unique among “stepping” motors, this true motor provides high 
speed, torque, accuracy, and repeatability while eliminating many design 
problems encountered in systems using conventional servos. Available with 
torques up to 20 in.-lbs. (higher with “specials”) and controlled stepping 
rates up to 3000 per second, it’s the logical motor for use with today’s ad- 


vanced digital techniques. 


Inherent High Accuracy 


The DIGITORK motor is a true 
digital motor. It responds with a 
discrete increment of motion to each 
signal pulse. Speed of motion is 
controlled by the rate of signal in- 
put. An increment can be made any 
integer or fraction, with the whole 
motion equal to the sum of the 
equal increments. Any motor error 
zeroes out at every third step. Thus 
the maximum error of the whole 
motion can be no greater than the 
error inherent in one increment. 
This high precision design also 
eliminates the hunting and insta- 
bility common with conventional 
servos. 


Model M118 DIGITORK Motor provides 
0-2800 steps per second and 2 oz.-ins. torque. 


Simplicity and Economy 

The DIGITORK motor asacontrol 
component, with today’s digital 
trend in circuit design, is far more 
compatible than conventional ser- 
vos. Using it, performance of other 
components and sub-systems can 
be more easily predicted. The DIGI- 
TORK motor usually eliminates the 
need for such elements as highly 
complex amplifiers, tachometers, 
transducers, and analog-to-digital 
convertors, thus cutting system 
costs considerably. 


“Servo” vs Digitork 


Let’s consider a hypothetical prob- 
lem; control of two linear motions 
1 inch and 100 inches respec- 
tively. Handled by a conventional 
servo, total length in each case is 
treated as an entirety from one bit 
of information. Any error in the bit 
will be reflected in the accuracy of 


the total motion. Since the servo 
utilizes feedback for positioning, 
this introduces errors inherent in 
the circuit and tolerances in the 
overall length, including those pro- 
duced by overshoot and backlash. 
And since the total percentage er- 
ror is the same for both controlled 
motions, actual error for the 100- 
inch motion may well be greater 
than the whole 1-inch motion! This 
error can be reduced by the addition 
of more components, circuitry and 
cost, but — this is not necessary 
when using DIGITORK — as de- 
scribed below. 


Using a DIGITORK motor for 
the same two motions, control of 
total length motion is achieved 
through a finite number of equal 
incremental motions. Accuracy of 
the whole depends on that of just 
one increment, regardless of the 
total number. Thus, we can use a 
DIGITORK motor with each step 
equal to .001” linear motion ... rated 
error for one step being +.0001”". 
So, 1000 signal pulses will advance 
it 1000 steps (1 inch) and 100,000 
pulses will advance it 100,000 steps 
(100 inches). Total error in each 
case: +.0001 inches. 


Digitork Motor Applications 
The DIGITORK motor is present- 
ly in use in systems requiring accu- 
racies of .000020” linear and .002 
degrees rotational. It can be used 
to precisely coordinate and control 
motion between two or more axes, 
Size of resultant motion can be 
changed by appropriate gearing. 


oe ~ 
tan | 
es ¢ 


Put this accuracy and versatility to 
work on your control problems. 
Write for Engineering Bulletins 
today. 


DIGITORK is truly... Setting The Pace! 
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Needham Heights 94, Massachusetts + Hlllcrest 4-8844 
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DYNASTAT 


= Walaa ire phc-tmaal-laalelmmeolgeian 


that Provides: 


e INDEPENDENCE OF SPEED (can be read out while standing still) 
e HIGH LEVEL OUTPUT (no /ow level signal amplifiers) 
e CONTINUOUS ACCESS (eliminates buffer storage) 


¢ NON-DESTRUCTIVE READOUT (no recirculatiny delay lines or 
registers) 


®The DYNASTAT 
drum operating 
principle is 
‘protected by 
various patents, 
both issued 

and pending. 


Here is a digital magnetic memory drum whose read heads respond to flux 
intensity rather than rate of change of flux. 


Because it is independent of rotational speed, the DYNASTAT drum offers 
new system possibilities in such applications as the programming of machine 
tools and automation equipment, master control of inspection, counting, con- 
veying, and material handling, and synchronous parallel-to-serial reversible 
code conversion. 

Outstanding reliability stems from the unique bistable action of the read 
heads which permit a broad tolerance of spacing from the drum surfaces and 
which offer output levels that eliminate the need for signal amplification. 

Many system designs show important economies when the DYNASTAT 
drum is introduced. Find out how you can profit from the use of DYNASTAT. 


For complete product information and its application to your need, write or 
telephone Mr. Charles M. Colt, Bethel, Conn. Pioneer 3-6721, DDD Code 203. 


CONSOLIDATED CONTROLS CORPORATION 


BETHEL, CONNECTICUT 
INGLEWOOD, CALIFORNIA 


F AMember 
of The Condec Group 
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CABLE HARNESS ANALYZER 


@ simultaneously tests for continuity 
leakage and hi-pot 


e checks complex branch circuitry 
@ rapid, low cost programming 
@ ease of operation 


Ease of programming, fail safe cir- 
cuits, wide range of programming, 
latest state of art design, reliability, 
rapid automatic go/no-go tests and 
low cost are features of the CTI 
Model 165 Cable Harness Analyzer. 
A wide combination of test para- 
meters, continuity current, hi-pot 
voltage, continuity resistance, leak- 
age resistance and time on conduct- 
or, may be independently pro- 
grammed. The Cable Tester auto- 
matically checks up to 10,000 simple 
circuits in increments of 200, or an 
equivalent combination of main and 
branch circuits. Connections provide 
control of external relays in the cir- 
cuit under test. CTI has pioneered 
the field of automatic testing, and 
has applied its experience to devel- 
oping the CTI Cable Tester, Model 
165, into the most versatile and 
economic wire harness analyzer 
available. 


Write for full information 





CALIFORNIA 
TECHNICAL 
INDUSTRIES 


DIVISION OF TEXTRON INC. 
BELMONT 3, CALIFORNIA 


Ti 











Foremost in Automatic Testing 
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Computer components guide 


DesicN FUNDAMENTALS OF ANALOG 

Computer Components. R. M. 

Howe, 268 pp. Published by D. 

Van Nostrand Co., Inc., New York. 

$7.50. 

Because analog computer accuracy is 
definitely limited by component accu- 
racy, it is particularly important to 
understand why analog components 
are designed as they are, and how 
component errors affect the solutions 
to typical problems. This detailed 
study of components design considera- 
tions will be valuable to those who 
maintain electronic analog computer 
installations and will help users of 
computers realize their full potential. 

After a discussion of over-all com- 
puter design philosophy, including 
patchboard systems, setup and control 
methods, and problem check circuits, 
the author analyzes component errors 
and how they affect solutions. Other 
chapters are devoted to specific com- 
ponents—dc amplifiers, multipliers, 
function generators, recorders, noise 
generators, and time-delay simulators 
—and include descriptions of many 
commercial circuits. These are, of 
course, for illustrative purposes, since 
the continual introduction of new 
components precludes any exhaustive 
survey of what is available. The final 
chapter is a collection of photographs 
of the computers and components 
previously described to show their con- 
struction and mechanical features. 


Measurement handbook 


PRECISION MEASUREMENT AND 
CALIBRATION, NATIONAL BuREAU 
oF STANDARDS HanpsBoox 77. Vol. 
I, Electricity and Electronics, 845 
pp. $6. Vol. Il, Heat and Mech- 
anics, 965 pp. 6.75. Vol. III, 
Optics, Metrology, and Radiation, 
1025 pp. $7. Available from the 
Superintendent of Documents, 
U. S. Government Printing Office, 
Washington 25, D. C. 


These three imposing volumes are 
a compilation of the more important 
NBS publications dealing with meas- 
urement and calibration. The original 
papers have been reproduced by photo- 
duplication. Some of them are not 
recent, but all have proven valuable 
in establishing and operating standards 
laboratories. The set should certainly 
become a standard text and reference 
for workers in this field. 
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4 “There are few facts in science 
3 more interesting than those 
which establish a connection be- 

tween heat and electricity.” 
—VJoule 


James Prescott Joule 
1818-1889 


The facts that fascinated J. P. Joule in the 
nineteenth century are vital at Los Alamos in 
the twentieth—freshly combined with facts he 
never dreamed of. Heat from the Omega West 
Reactor, directly converted by the plasma 
thermocouple, drives electric motors. Electricity 
from the Zeus capacitor bank produces 
thermonuclear temperatures, partly by the 
familiar process called joule heating. The Los 
Alamos Scientific Laboratory is proud to 
acknowledge its debt to great men who 

have found facts “interesting.” 


For employment information write: 
Personnel Director, Division 6154 


alamos 


scientific laboratory 


OF THE UNIVERSITY OF CALIFORNIA 
LOS ALAMOS, NEW MEXICO 
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For fast response, 
variable speed, 
small size... 
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GENERAL ELECTRIC D-C 
HIGH POWER SERVO MOTORS 


For high performance servo applications 
—either commercial or defense. 


@ Speeds variable to standstill 
with smooth torque, low “‘slot- 
lock”’ effect. 

® Furnished with or without 
tach generator. 

@ RMS Thermal Ratings avail- 
able to drive FHP loads—with 
higher capabilities for special 
applications. 


@ Ball-bearing construction. 

@ Peak torques from 7.7 Ib-ft 
in 6;°5” diameter, compensated 
shunt wound, to 30 lb-ft in 814” 
diameter compensated perma- 
nent magnet field motors. 

@ Low time constants and fast 
response. 


@ 1140 RPM and other higher 


@ Motors are totally-enclosed. 


FREE 


BULLETIN 


base speed designs available. 


Ask for GEA-6831. 
Write Section 634-23, Schenectady, N.Y 


GENERAL ¢% 


ELECTRIC 








Featuring military reliability at commercial prices 


EPSCO DIGITAL CIRCUIT CARDS 
CUT COST OF SYSTEM BUILDING 


HERE’S WHY! High Circuit Density: Up to 10 circuits per card. + Flexibility: 
Use one card for several logic functions. « Wide Loading Tolerances: Fan out 
ratios up to 12. + Reliability: Component failure rates, less than 1 per 20 million 
hours. + Compatibility with Epsco circuit modules, shift registers and storage 
elements. « Completeness: Storage, counting, gating, amplification, timing, 
input-output circuits available. + Additional Features: Plated through holes, 
funnel eyelets or other types per your specifications — Field proven con- 
nectors — Readout indication, front and rear testing. Regardless of the mag- 
nitude of your needs (whether standard or special) you get the same high 
reliability with Epsco Components. Write for standard reliability description. 


€psco’. 


COMPONENTS 


A Division of Epsco, eatlten <A Massachusetts Avenue, Cambridge 39, Mass. 
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| Increased technical responsibilities 


in the field of range measurements 
have required the creation of new 
positions at the Lincoln Laboratory. 
We invite inquiries from senior 
members of the scientific community 
interested in participating with us 
in solving problems of the greatest 
urgency in the defense of the nation. 


RADIO PHYSICS 
and ASTRONOMY 


RE-ENTRY PHYSICS 


PENETRATION AIDS 
DEVELOPMENT 


TARGET IDENTIFICATION 
RESEARCH 


SYSTEMS: Space Surveillance 
Strategic Communications 
integrated Data Networks 


NEW RADAR TECHNIQUES 
SYSTEM ANALYSIS 


COMMUNICATIONS: Techniques 
Psychology 
Theory 


INFORMATION PROCESSING 


SOLID STATE Physics, Chemistry, 
and Metallurgy 


A more complete description of the 
Laboratory’s work will be sent to 
you upon request, 


All qualified applicants will receive consideration 
for employment without regard to race, creed, 


color or national origin. 














Research and Development 





LINCOLN LABORATORY 


Massachusetts institute of Technology 
BOX 30 
LEXINGTON 73, MASSACHUSETTS 
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Bi less 


A mil can 
matter 


Even a fraction of a mil can bulk 
large in the thickness of a Recording 
Chart. That’s why John Mazurow- 
ski and his thickness micrometer 
are so important to chart users. 

Thickness of GC Recording 
Charts is painstakingly checked to 
make sure the charts you buy from 
us will give you the right answer 
all the time. 

Take rigid inspection standards 
like these and add repeated paper 
and ink tests, continuous humidity 
control in production and storage 
areas, and speed of printing and 
delivery—you’ll see why more than 
5,000 chart users rely regularly on 
GC for quality and dependability. 

More than 15,000 different chart 
types are stocked at GC. We also 
design and print charts for any 
special purpose you may have. 

Let us send you our new complete 
stock list. 





RECORDING 
CHARTS 





Distributed by: 
TECHNICAL SALES CORPORATION 
189 Van Rensselaer St., Buffalo 10, N. Y, 
A Subsidiary of: 
GRAPHIC CONTROLS CORPORATION 
Buffalo 10, N. Y. 
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| MEETINGS 


JULY 


Gordon Research Conference on Sci- 
entific Information Problems in Re- 
search, New Hampton School, New 
Hampton, New Hampshire 

July 3-7 

Fourth Intemational Conference on 
Bio-Medical Electronics and 14th 
Conference on Electronic Tech- 
niques in Medicine and Biology, 
sponsored by ISA, IFME, AIEE, 
IRE, Waldorf-Astoria Hotel, New 
York City July 16-21 


AUGUST 


Gordon Research Conference on In- 
strumentation, Colby Junior Col- 
lege, New London, New Hamp- 
shire Aug. 14-18 

Second International Electronic Cir- 
cuit Packaging Symposium, Univer- 
sity of Colorado, Boulder, Colo. 

Aug. 16-18 


Western Electronic Show and Con- 
vention (WESCON), sponsored by 
IRE and WCEMA, Cow Palace, 
San Francisco, Calif. Aug. 22-25 


SEPTEMBER 


Third Congress, International Associa- 
tion of Analog Computation, Bel- 
grade, Yugoslavia Sept. 4-9 

International Language Translation 
Conference, National Physical Lab- 
oratory, ‘Teddington, Middlesex, 
England Sept. 5-8 


International Data Processing Exhibit 
(in conjunction with 16th National 
Meeting of Association for Com- 
puting Machinery), Statler Hilton 
Hotel, Los Angeles, Calif. Sept. 6-8 


Institute of Radio Engineers, National 
Symposium on Space Electronics 
and Telemetry, University of New 
Mexico, Albuquerque, N. M. 

Sept. 6-8 


Joint Nuclear Instrumentation Sym- 
posium, sponsored by ISA, AIEE, 
IRE, North Carolina State College, 
Raleigh, N. C. Sept. 6-8 


Instrument Society of America, 16th 
Annual Instrument-Automation 
Conference and Exhibit, Biltmore 
Hotel and Memorial Sports Arena, 
Los Angeles, Calif. Sept. 11-15 


Third International Cybernetics Con- 
gress, Namur, Belgium Sept. 11-15 
Industrial Electronics S$ jum, 
sponsored by IRE, AIEE, Bradford 
Hotel, Boston, Mass. Sept. 20-21 





GC Recording Charts 
are accurate 


| New 

| booklet 

| helps 

solve 

SPECIAL CHART 
problems 


If you have a unique recording or 
control problem which a stock chart 
won’t fit, GC’s experience will work 
for you. 

This free booklet, “Points to Spec- 
ify in Special Chart Design,” offers 
many useful tips to consider before 
specifying or designing a special 
hast. It suggests possible types of 
paper, sizing of punched holes, ink 
colors,overprinting, grid line widths, 
etc. 

GC service—and this booklet— 
can eliminate false starts and wasted 
time. Let us serve you. Just send 
this coupon. 


- RECORDING 


CHARTS 


me———- Use This Coupon-—-—-—4 
I TECHNICAL SALES CORPORATION 
A subsidiary of 
1 GRAPHIC CONTROLS CORP. 
189 Van Rensselaer St., Dept. CE 
| Buffalo 10, New York 


| 
! 
I 
l 
| 
Please send me your new folder “Points | 
to Specify in Special Chart Design.’ No | 
! 
! 
1 
! 
! 
| 








charge or obligation, of course. 
| Name 
| 1% Firm. 


Address. 


























Suppress 
lead wire 
errors 
with 


REC’s new 
TRIPLE BRIDGE UNIT 


a = Check these advantages in resistance 
temperature measurement applications: 


by FRANCIS J. MURRAY Designed for scientifically-trained indi- © Suppeosmes lange lead resintance changes 
viduals in every field, this exhaustive work reflects the vital contribution 


Suppresses variable lead resistances 
of mathematical machines to science and technology. at null and when unbalanced — 
Suppresses unequal lead resistances 

. . . . . . dj 2 Tri ~« © are » eS 
VOLUME | discusses the basic principles of digital computers, stressing Le alien <glinemeonaggi 
fundamental ideas rather than engineering detail. It considers such devices Standardized 10 mv. DC output 
as registers, counters, adding machines, automatic calculators, punched e Full line of auxiliary equipment 
card machines and automatic sequence calculators, This precision-made, plug-in unit per- 
mits convenient change of full-scale 
temperature and corrects known calibra- 
tion errors of sensor. Basic 10-channel 
unit provides 10 temperature ranges for 
each of 10 sensors. 


Write for Bulletin 86012 











oti seas Bi Set. 





VOLUME II examines three categories of machines which use the prin- 
cipal of analogy. Continuous computers and true analogs are covered in 
the first two parts, while the third presents procedures and designs per- 
mitting relatively simple devices to accomplish advanced computations. 


Vol. 1, $12.50; Vol. II, $17.50; The set, $30.00 | @ 
+ © ROSEMOUNT 


me 
COLUMBIA UNIVERSITY PRESS ZC] ENGINEERING 
2960 Broadway, New York 27, N. Y. COMPANY 


At all 


bookstores 
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NEW BINARY 

_ === DECODING 
_DIGITAL 

READOUT 


_—_ 
_ 


F 
f 
f= 


SE EY Pe 


—_ 


a 


a 


Translates Direct —Coded Binary- 
to-Decimal and Alpha-numeric 


Self-Decoding. The new Bina-View Digital Readout 
accepts any BCD or teletype code up to six bits, 
does its own translating, and displays the proper 


character. There are no auxiliary translators, re- 
lays, or diodes required. 


Low Power. The Bina-View Digital Readout may be 
operated with as little as ten milliwatts per bit of 
signal power. It may be connected directly into 
computers and other electronic equipment. 


Character Storage. The Bina-View Digital Readout 
will continue to display the last character entered 
after the signal input power has been removed. 


2 Ee 


Now, with the new Bina-View, 

digital readouts take on an added dimension. 

Here is a readout that operates direct from binary 

input, has its own retentive memory, and offers one-plane 

in-line presentation. Realistically priced and designed with the user 

In mind, it is not to be confused with other readout devices on the market. 

The Bina-View Digital Readout fills the long-standing need for a fast, accurate, binary operated 

display in the fields of digital computers, missile checkout systems, ground support equipment, etc. 

its ability to operate within a wide range of binary codes makes it the most versatile readout available today. 


IEE INDUSTRIAL ELECTRONIC ENGINEERS, Inc. 


Engineers & Manufacturers of Fully Automatic Systems & Digital Readouts 
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Representatives in 
principal cities. 











5528 Vineland Avenue, North Hollywood, California 


158 


Memory and Verfication (Optional). When required, 
contact closures may be provided for verification 
that the input signals have been properly accepted. 
Practical. The Bina-View Digital Readout offers 
Clear distinct characters, high even brightness, and 
wide viewing angle. Extremely durable and vibra- 
tion-free, it is designed for thousands of hours of 
trouble-free operation. 


Prices start at $50.00 each 
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WHAT'S AVAILABLE 
IN REPRINTS 


The following reprints have 
been prepared to make impor- 
tant reference-type editorial ma- 
terial available to CONTROL 
ENGINEERING teaders_ in 
convenient filable form. Single 
copies of any reprint can be ob- 
tained at the nominal cost listed 
below by circling the corres- 
ponding numbers on a reader 
service card, p. 143. Don’t send 
money with card, we will bill 
you later. For multiple copies 
write Reprint Dept. Quantity 
rates will be quoted on request. 


512—Ready Reference Data Files—IV, 
20 pp. Contains Data Files 37 to 48. Sub- 
jects range from information display to 
semiconductor voltage regulators to loaded 
parallel-T’ filters. 50 cents. 

511—Industrial Process Chromatographs: 
What they do, How they work, Who 
makes them, 14 pp. Reviews basics of 
chromatographic techniques including lat- 
est refinements to increase sensitivity and 
reduce analysis time of this versatile stream 
analyzer, describes major components and 
their functions, and highlights operation 
and specific features of six commercially 
available chromatographs. 50 cents. 

510—The Use of Digital Computers in 
Science, in Business, and in Control, 112 
pp. A collection of 14 articles published 
over a two-year period as the Digital Ap- 
plications Series. Prominent authorities 
cover the application, programming, over- 
all system design, and commercial availa- 
bility of digital computers. in all phases of 
business, industry, and military. (An old 
reprint but with basic and practical con- 
tent of value today). $3.00. 

509—Applying Incremental Servos, 24 
pp. Incremental servos offer many advan- 
tages in closed loop systems. A grouping 
of five basic articles compares stepping and 
stepless control, describes the operation 
and analysis of solenoid-ratchet and phase- 
pulsed synchronous steppers, shows 16 
applications of stepping motors, tabulates 
pertinent characteristics of available step- 
ping motors, and discusses the problems of 
interlocking the devices. 65 cents. 

508—Transistor Switches for Industrial 
Service, March 1961, 24 pp. Industry re- 
quires reliable, inexpensive, and fast switch- 
ing devices. This special. report thoroughly 
covers one possible solution to this re- 
quirement—transistor logic modules pack- 
aged for industrial use. Topics include: 
how transistors perform logic functions, 
available systems and components, tips on 
selection and use, and case studies of in- 
dustrial applications. 65 cents. 

507—Tips on the Use of Electromechan- 


(Continued on page 161) 
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Better shape factor 


over wider frequency range 


DAVEN’S NEW “EGG CRATE” LC FILTERS 


Center frequency: covers the range from 0.4 MC to 60.0 MC de- 
pending upon specific requirements. Center frequency stability: 
1.0 KC per MC from -55°C to +105°C. Shape factor: 
BWeo0/BWe to 2.1. Shape factors can be modified for optimum 
time delay. 


Daven’s new LC filters are ideal for shaping the pass band 
of AM/FM or FM/FM data link receivers, double or single side 
band receivers and generators, direction finding receivers, com- 
munication and telemetering receivers, and spectrum analyzers. 


Write today for complete, newly-published technical data. 


LIVINGSTON 
NEW JERSEY 


TODAY, MORE THAN EVER, THE DAVEN ©) STANDS FOR DEPENDABILITY 
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1%” MOTORS & GEARMOTORS 


~ 1000 INCH POUNDS TORQUE 


Choose the exact speed-torque combination you need—up to 
1000 inch-pounds (500 inch-pounds continuous). Globe’s 142” 
pm d.c. motors alone or with planetary gearing, governor or 
brake give you 1/30 hp. continuous duty. With Globe 142” 
motors you don’t need to shop for a speed reducer—just name 
your speed and our application engineer will recommend the 
ratio (22 standard ratios) and armature winding (21 standard 
windings). Motors are for use with 4 to 115 v.d.c. Write for 
Bulletin BG. Globe Industries, Inc., 1784 Stanley Avenue, 
Dayton 4, Ohio. 


GLOBE 
jael-t= INDUSTRIES, 
INC. 
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ENOTES CPRGRTNONTES 


MULTICHANNEL A stimulating challenge to 
Rectilinear Recorders COMPETENT 
ENGINEERS 


AAIT’s continued growth offers ex- 
ceptional opportunities to qualified 
engineers who want the freedom 
of creative thinking and have the 
ability to work as a team. Right 
now we're looking for this kind 
of talent to add to our staff: 


ELECTRONIC ENGINEERS 
--. With experience in digital systems 
design, digital analysis and design, 
pulse circuitry, simulation and 
telemetry. 
«--to work on computers, test equip- 
Oe ee ment and instrumentation. 


; Standard Size Model : ELECTROMECHANICAL ENGINEERS 


: 5 bbe gga ... with experience in servos, relays, 
Sp tepree yp anseat ng switches and analog computers. 
5 Weight: 19 Ibs, «-.to work on trainers and simula- 
: ‘ ; " : 7” x 99%," hi ors. 
Variable-width channel operation provides simul- : Size: Ma x 91%,” high tc 
taneous recording of two to six different signal : x 7%" deep If your experience is in any of 
functions on a single chart. : Double Size Model these areas and you are interested 
Versatility — Wide choice of ranges, chart drives : 2, 3, 4.5 or 6 channels = in moving ahead with us, send your 


and speeds. AC and DC movements Portable. flush : resume to Mr. D. J. Wishart. 
Accuracy — + 1% of full scale for DC. Sensitivity 3 o¢ wall mounting 
down to 250 wa DC without amplification. : 


;, plificat > Weight: 26 | 

Optimum Reading Ease — Rectilinear ink or inkless : Pg a 7 "high = } AIRCRAFT ARMAMENTS, INC. 
recording provides undistorted signal traces. SC ahs we - | Cockeysville, Maryland 
Utmost Reliability — Self-shielding movements : * 64" deep = . 

eliminate tubes, choppers, motors and slidewires. ; (Suburban Baltimore) 
Ruggedness — Shockproof suspension with dust- Send for new catalog or 
proof. splashproof and anti-magnetic construction. phone swinburne 9-0509. All qualified applicants will receive considera- 
tion for employment without regard to race, 


CURTISS WRIGHT | creed, color or national origin. 


Princeton Division + Princeton, New Jersey 
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PROJECT ENGINEER 
(Electro-Mechanical) 

The engineering staff of a large manu- 

facturer of industrial controls has an open- 


ing for a Project Engineer experienced in 
OF TERMINALS IN FECO’S product development from design tc com- 
pletion of development testing and capable 
PLUG IN TEST SOCKETS of coordinating with other activities such as 
g sales, manufacturing, etc. Main experience 
NOW AT STANDARD PRICES | should be in the electrical power supply 
field with servo experience highly desir- 
New techniques now make possible: Sockets able. Engineering degree required plus 
for rapid testing of solder-terminal compo- training in industrial electronics. 
nents, such as relays, transformers, capaci- All qualified applicants will receive con- 
tors, etc., furnished by EECO to your sideration for employment without regard 
requirements at standard socket prices! | to race, creed, color, or national origin, by 
Dual, isolated contacts for each terminal on submitting a detailed resume, including 
header eliminate solder joints or clip leads. education, experience and salary require- 


AS Series adapter sockets, $15.00 + .50 per ments to: 
pin in lots of 1-4. Substantial price breaks P-6859, Control Engineering 


on quantity orders. More than 50 standard 645 N. Michigan Ave., Chicago 11, Ill. 
configurations available for immediate 
AS-113-8 & 46 delivery. 
ADVANCED SYSTEMS 
SEND FOR CATALOG AS-1 =| GuipaNce AND CONTROL 


Salary $17,000 Per Year 
Responsible for a systems analysis, synthesis 
and in guid- 
ence and control. for sogtestion to future systems. 
Company client assumes all employment expense, 
ESQUIRE PERSONNEL INC. 
202 8. State St. Chicago 4, tI. 


PROFESSIONAL SERVICES 


S. HIMMELSTEIN AND COMPANY 


Automation Division Engineering * Consulting * i snc Assistance 
netic Recordin 


| Mag g System 
= * ~ . “ | c a 
Electronic Engineering Company of California wy te 
1601 East Chestnut Avenue © Santa Ana, Calif. © Kimberly 7-5501 © TWX: $ ANA 5263 | 3300 bag ts cee a a 45 
ving 8- 














AS-109-8 

















AS-112-14 AS-102-20 
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design 
experience 


G-M means quality 
and dependability 


The extra design experience that goes 
into every G-M Servo Motor and Gen- 
erator assures you of a full margin of 
reliability. Reliability that is proven 
in production by test, after test, after 
qualification test . . . and proven in 
use by long and dependable service. 
Sizes range from 5 to 18 with prompt 
availability that promises quick adap- 
tation to your servo development and 
production programs. 


Qualify G-M Servos for all of your proj- 


ects now, in advance of actual need. Send | 


procurement specs and prints today. 


Phone: PEnsacola 6-1800 (TWX CG-3266) 


| { : 
-MSErvO Motors 
‘tau NOLOTS 
G-M LABORATORIES INC 
4340 N. Knox Avenue ¢ Chicago 41 


Other offices in principal cities 


CIRCLE 175 ON READER SERVICE CARD 
JULY 1961 





REPRINTS cont'd 


ical Relays, 24 pp. Compilation of five arti- 
cles presents practical information on the 
design, test, and use of relay control sys- 
tems. Topics covered include: testing relay 
electrical reliability, improving system relia- 
bility, narrowing relay differential, logical 
synthesis of systems, and verifying relay 
control circuits. 65 cents. 

506—What You Should Know About 
Adaptive Systems, 17 pp. Is there such a 
thing as an adaptive control system? 
What approaches have been taken? What 
does the future hold? These are the ques- 
tions the author answers in this three- 
article reprint, in sufficient detail and with 
sufficient references to provide a_ basic 
grounding in this latest area of control 
engineer interest. 50 cents. 

505—The Basics of Optimum Response 
Relay Servos, 17 pp. Three part series 
summarizes all of the important design 
techniques that have been used to op- 
timize the response of relay servos. The 
reprint describes the development of the 
optimum switching criteria, and outlines 
the progress that has been made in im- 
plementing this theory with hardware for 
second-order and higher-order systems. 
Extensive references provide a guide for 
further study. 50 cents. 

504—System Characteristics of Modern 
Guidance Techniques, August 1960, 22 


pp. In this special report five experts from 
three companies cover the system charac- 
teristics of inertial navigators, guidance ra- 
dars, Doppler radar techniques, modern 
techniques in celestial navigation, and per- 
ceptive guidance systems. 65 cents. 

503—How to Determine Stream Analy- 
zer Dynamics, 8 pp. This package of two 
articles shows how analyzers can introduce 
dynamic errors, how to determine analyzer 
dynamics, and how to improve perform- 
ance. The instrument used is a differential 
refractometer but techniques can be extra- 
polated to other types of analyzers. 40 
cents. 

502—Survey of Dynamic Display Tech- 
niques, 20 pp. The function of these 
newly developed techniques is to put up- 
to-date information in the hands of human 
operators of control systems when the 
information changes at a high rate. Both 
basic approaches and commercial hard 
ware are discussed for cathode ray tube 
displays, optical systems, and miscellaneous 
devices ranging from TV pickup to matrix 
cells. 50 cents. 

501—Six Transducers for Precision 
Position Measurement, May 1960, 6 pp 
Explains operation and gives practical ap- 
plication hints for six precision position 
transducers: pin-and-pawl mechanism, 
magnetic bench-mark system, resolver- 
type transducer, electrostatic transducer, 
coded-disc devices, and diffraction gratings. 
30 cents. 





4906-JIC Control Amplifier with 4913-BL Sensing Head 


Actuated by NON-MAGNETIC and MAGNETIC 
metals to solve varied control problems 


Built-in time delays eliminate costly 
timing relays... give maximum 


flexibility at minimum cost. 


Delayed relay closure (make) 
DWELL TIME 


NEW EPL 
TIME DELAY 


Proximity 
Switch 


WITH 


ag mer | 
MODULES 


Choice of 
2 Time Delay Modules 


Delayed relay opening (break) 
DWELL TIME 








- 


TOTAL TIME RELAY 
IS ENERGIZED 











7 DELAY 











TOTAL TIME RELAY 
IS ENERGIZED 


Write for New Detailed Bulletin EDPS-80! 


Ecectro Propucts LABORATORIES, 4501-L Ravenswood, Chicago 40 
Canada: Atlas Instrument, Ltd., Toronto 
Proximity Switches - Magnetic Pickups + Tachometers - DC Power Supplies 
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High Fidelity 
n SER VO Amplifiers F 





CPPC’s new 5 watt servo amplifier provides a unique com- 
bination of exceptional stability and miniature size. Built 
around a DC amplifier with high frequency cutoff above 30 
kcps, the SA 5601 provides uniform response over its full 
operating range. With a 10 kn input resistor the SA 5601 
yields a voltage gain of 54 + 1 db from —55° to + 125°C 
with all signal levels below saturation, and supply voltage 
of 56 + 3 volts. Idling power is under 1 watt. : a ma Ne ope 
Designed to drive any size 8, 10 or 11 servo motor witha cps 
26 volt control-phase rating, the SA 5601 is available off 
the shelf with stud or screw mounting. A regulated supply 
of the 56 VDC power required-for the SA 5601 operating 
from 115 V 400 ~ and providing a 26 V AC tap for motor 
and synchro excitation is available in a similar package. 
For information phone or write: Area 215 MAdison 2-1000, ‘ e: 
TWX LNSDWN, Pa. 1122(U)—or our Representatives. 0 > «© 8 ww ~ aby 


INPUT-MV, (LOK AINPUT RESISTOR) 





FEEDBACK FACTOR db 
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LINEARITY 
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LINEARITY 0O-15V =-1% 


VOLTS OUT RMS 
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How to make a shrewd increase in recorder efficiency 


With twice the performance, the 


Doubles tape utilization and obviates standby equipment 
Your FR-600 records 125 ke data at 30 ips instead of 60 - 
gives twice the recording time per reel. For example, you get 
48 minutes recording time on 10'%-inch reels, 96 minutes 
on 14-inch at 30 ips. Not only are tape expenditures cut in 
half, but standby recorders on long sessions may no longer 
And for a broader data spectrum in the future, 
your FR-600 can accommodate 250 ke at 60 ips or 500 ke 
at 120 Ips 


be needed. 


Multiplies available recording time and eliminates error 

[wo-hour warmup and adjust sessions are reduced to ten 
minutes by the FR-600’s transistorized circuitry. Final cali- 
bration is a One-time-per-use operation. Post-warmup sta- 
bility —less than 1% drift per 24 hours — precludes time- 


wasting adjustments and minimizes creeping inaccuracies. 
Because your FR-600 is ready when needed, it works more 
hours per day, saving both your time and its own. 


Ampex FR-600 is still compatible with earlier equipment. 


Updates performance of older equipment 

The FR-600 plays back tapes from most existing data re- 
corders. And because playback heads generally determine 
overall frequency response, use of an FR-600 for playback 
can permit earlier equipment (with simple adjustment) to 
record the same high information density as your FR-600. 


The essential data | 
The Model: FR-600 Laboratory Recorder/Reproducer. Numi- 
ber of tracks: up to 14. Reel sizes and tape widths: 10%- o1 
14-inch NAB, with 42-inch or l-inch tape, interchangeably 
Frequency response: 300 to 250,000 cps 3 db at 60 ips with 
direct recordings; 0 to 20,000 cps 0.25 db at 60 ips in FM- 
carrier recording — proportionate response at other speeds. 
Tape speeds: 60, 30, 15, 7% ips; 120, 334, 1% ips optional. 
Types of recording: direct, PDM and FM-carrier, by plug-in 
modules. Compatibility: yes, with Ampex 300 and 800 series; 
FR-100 and FR-1100 series, and AR-200 and CP-100 series. 


For detailed information on the complete Ampex line of data recorders, write: 


Box 5000, Redwood City, C€ 


‘alifornia 
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Experienced engineers eager to contribute to Ampex’s pioneering reputation are invited to write the Manager, Technical Recruiting. 
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